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ABSTRACT 

This study compared three indirect calorimetry 

determinations, as kcals/minute, over three consecutive days 

on 28 healthy, sedentary women of varying body composition. 

No significant within-individual variation for VO2/ CO2t 

respiratory quotient (RQ), or Kcals/minute was found among 

the three days. A low coefficient of variation (3.4 + 3%) 

and a relatively small standard deviation in mean Kcals/day 

(1383 + 214) suggests possibly one or only a few measures are 

necessary for predicting resting metabolic rate (RMR) within 

a range applicable for clinical use. 

There were strong correlations of body weight and 

body composition variables (fat and LBM) with RMR. Knowing 

both LBM and fat mass increased the ability to predict RMR 

significantly over the prediction with either variable alone. 

The Harris Benedict equation over-predicted RMR by 

11.1% compared to RMR measured by indirect, calorimetry. When 

equations are based on body weight, rather than LBM, meta

bolic rate may be over-predicted in obese populations. 
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INTRODUCTION 

The most prevalent health problem in the United 

States today is obesity. A problem of "epidemic proportion," 

it is estimated that 15 to 40 percent of our adult population 

is obese (Wilmore, 1981). The presence of obesity correlates 

strongly with the increased risk for hypertension, diabetes, 

elevated blood lipids, gallbladder disease, arthritis, and 

pulmonary problems (Farquhar, 1978; Bray, 1985). 

Despite extensive research, a unifying theory as to 

the true etiology of obesity remains elusive. Obesity can 

clearly have multiple origins, including physical inactivity, 

heredity, early over-nutrition, social factors, and endocrine 

syndromes (Wilmore, 1981). With an incomplete identification 

of the causes of obesity in the individual, choice of treat

ment may be difficult. There are presently more treatments 

than known etiologies; 30,000 methods of weight control are 

on public record (Greenwood, 1983). Common treatments vary 

from modified diets, behavioral programs, and exercise 

programs to surgical procedures and pharmacological prescrip

tions. However, none have been shown to have long-term 

effectiveness for the majority of obese individuals 

(Greenwood, 1983). Better treatment depends on better 

diagnosis. 
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Scientists and clinicians use a variety of methods to 

measure energy intake and expenditure in the hope of better 

understanding and treating their obese patients. With an 

accurate estimate of energy expenditure, guidelines for 

calorie intake and activity can be better estimated and 

recommended to the patient. 

Two methods frequently used to assess energy expendi

ture are: (1) indirect calorimetry to measure resting meta

bolic rate or expenditure (RMR or RME); and (2) derived 

equations to estimate oxygen consumption (RMR) from anthropo

metric measurements. In the first method, when RMR estimated 

by indirect calorimetry is measured on a patient or subject, 

it is commonly a one-time measurement. Though the method has 

been shown to be valid in relation to direct calorimetry, and 

many investigators have measured between-subject variability 

in energy expenditure, relatively few have studied within-

subject variability. When Arthur. Harris and Francis Benedict 

began collecting their indirect calorimetry data in the 

1920's, they only briefly mentioned intra-individual relia

bility as "probable error deals with variability and number 

of measures dealt with" (Harris and Benedict, 1919). Their 

measures were based on several 15-minute collection periods 

with intermittent rest periods over "usually 2, and frequent

ly many more days with the same subject." Their 103 female 

and 136 male subjects were described as healthy and of normal 
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body composition. The authors did caution "one cannot 

compare the metabolism of a single individual of any speci

fied type with the standard constant (derived equation) and 

use it as a basis of generalization." "One measure has large 

probable error" (Harris and Benedict, 1919). Roza and 

Shizgal (1982) reevaluated the Harris Benedict equation and 

its original data and found an accuracy of +_ 14%. In other 

studies reviewed by Daly et al. (1985), the accuracy between 

the Harris Benedict equation and actual data was -14.1% to 

19.1%. 

Tiiis second method for estimating resting metabolic 

expenditure using derived equations is based on data from 

earlier studies in indirect calorimetry and anthropometrics. 

One of the most frequently used equations was derived by 

Harris and Benedict (Harris and Benedict, 1919). The equa

tion was derived to compare an individual with a population, 

not an individual with himself. However, though Harris and 

Benedict cautioned against it, the equation is presently used 

as a diagnostic tool for one-time or serial use in estimating 

RMR in healthy and ill individuals. The Harris-Benedict 

equation is as follows: 

Women: 655 + (9.6 x Wt., kg) + (1.7 x Ht., cm) 

- (4.7 x Age, yrs) 

Men: 66.5 + (13.75 x Wt., kg) + (5 x Ht., cm) 

- (6.7 x Age, yrs) 
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Before the relationship between measured RMR by 

indirect calorimetry and predicted RMR from derived equations 

can be further understood, the variable of day-to-day within-

subject reliability of RMR values, on subjects of varying 

body composition, must be analyzed and assessed as a possible 

contributing factor to variability of RMR data. 

More recent studies have reported within-subject 

variability of anywhere from 1.3 to 9.0% depending on 

different populations, sample size and characteristics, time 

period between measures, and differences in methods (Knox 

et al., 1983, Feurer et al., 1983, Hoffman et al., 1979, Bray 

et al., 1970, Galvao, 1950, Solomon, Kurzer and Calloway, 

1982, Shock, 1942, and Calloway and Zanni, 1980). It is 

difficult to critically evaluate much of the data because of 

lack of descriptive information on either or both methods and 

individual characteristics of subjects in the publications. 

The two purposes of the present study were first, to 

measure the within-subject reliability of indirect calori

metry in women with varying body composition, assessing the 

amount of difference day-to-day and its implications for 

clinical application. Secondly, to find out if there is a 

systematic difference between measured RMR and predicted RMR 

values using the Harris-Benedict equation in subjects 

depending on their body composition; and is the difference 
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large enough that the equations should not be recommended for 

use in some individuals. 

Research Questions 

1. Assuming the use of standardized methods of testing 

and control or acknowledgement of individual factors 

affecting Resting Metabolic Rate. 

How much within-individual variation in Resting 

Metabolic Rate is present in women of varying body 

composition on three consecutive days? 

Will the difference be small enough that a one-time 

measure of Resting Metabolic Rate can be accepted as 

reliable for clinical use? 

2. Is there a significant correlation between Resting 

Metabolic Rate and body composition? 

3. If a significant difference is found in Resting Meta

bolic Rate for subjects of varying body composition, 

does this difference disappear when controlled for Kg 

of lean body mass or Kg of measured weight? In other 

words, do larger people burn calories at a similar 

rate as smaller people? 

4. Is there a significant difference between measured 

Resting Metabolic Rate values and predicted Resting 
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Metabolic Rate values using the Harris-Benedict 

equation? 
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REVIEW OF LITERATURE 

Background 

Calorimetry, by direct and indirect methods, has been 

used to measure resting metabolic rate (RMR), sometimes 

called resting metabolic expenditure (RME). Defined by 

Durnin and Passmore (1967), RMR is "the energy output of an 

individual under standardized, resting conditions, i,e., at 

complete bodily and physical rest, 12 to 18 hours after a 

meal and in an equitable environmental temperature." 

Direct calorimetry assumes that all energy used by a 

person on carrying out internal and external work is "ulti

mately degraded into heat" (Durnin and Passmore, 1967). A 

measure of heat output of the body is thus also a measure of 

its energy expenditure. Indirect calorimetry makes use of the 

fact that energy for work is supplied by the oxidation of 

foodstuffs. Being dependent on the oxygen from the air, the 

oxygen uptake by the body is also a measure of the energy 

expenditure (Durnin and Passmore, 1967, Beckman Bulletin No. 

5125). Thus, non-invasively, by measuring ambient and 

expired air, we can estimate the amount of oxygen used and 

carbon dioxide produced. 

Because of high financial cost of the instrument, 

length of time, and availability of subjects, direct 
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calorimetry is possible only in a few research settings. 

Indirect calorimetry is more widely available. The first 

oxygen and carbon dioxide measurements on humans were done by 

Lavoisier and Seguin in 1789 (Carpenter,1949). Early studies 

by Atwater and colleagues, and by Lusk and Murlin (Durnin and 

Passmore, 1967), found the difference in measures between 

direct and indirect calorimetry to be negligible (0.2-0.6%) 

and concluded that they could be used interchangeably. A 

more recent study by Daly et al. (1985) was in agreement with 

the earlier studies, finding only a 2% difference between 

direct and indirect methods. 

Calculations of Energy Expenditure 
from Indirect Calorimetry 

To find the amount of oxygen, inspired or expired, we 

need to know the volume of gas. involved and the percent 

oxygen in that volume; the product is the amount (Fox and 

Mathews, 1981). 

Oxygen consumption is expressed volume per unit time, 

most often as liters per minute. The calculation for oxygen 

consumption is (Fox and Mathews, 1981): 

V02 = (VI x FIO2) - (VE x FE02) 

where: 

VO2 = O2 consumption (L/min) 

VI = Inspired flow (L/min) 

VE = Expired flow (L/min) 



FIO2 = Fraction of 02 in 

FEO2 = Fraction of 02 in 

The above calculations are 

production (VCO2): 

VCO2 = (VE x FECO2) - (VI x FICO2) 

These volumes are derived from measures at ambient tempera

ture and pressure as a saturated gas (ATPS), corrected to 

standard temperature 0°C) and pressure (760 mm Hg) as a dry 

gas (STPD). 

When dealing with average measurements over several 

breaths, measures over one-minute time periods for at least 5 

to 10 minutes are recommended in a steady state condition 

(Fox and Mathews, 1981). 

The respiratory quotient, RQ, is the ratio of CO2 

production to 02 consumption. 

RQ = VCO2/VO2 

This ratio reflects the amount of each substrate being 

utilized (Weir, 1949, Beckman Bulletin No. 5125) as follows: 

Lipid .748 

Amino Acids .802 

Carbohydrate 1.00 

inspired gas 

expired gas 

also used to determine CO2 
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After calculating RQ, an estimation of caloric expenditure 

per minute (RMR) can be estimated (Weir, 1949): 

Kcal/min = ((1.1 x RQ) + 3.9) x VO2/L 

Weir's equation is often used because it makes a 

correction for protein metabolism, assuming a standard diet 

of 12.3% protein, without having to measure urinary nitrogen. 

Even if protein intake is varied, the amount of additional 

error is negligible. The error in neglecting the effect of 

protein metabolism is 1% for each 12.3% of total calories 

arising from protein (Weir, 1949). 

Factors Affecting Reliability of RMR 

There are numerous factors to consider in selection 

of methods and individual characteristics that influence 

reliability of a study. Theses factors should be reported 

and, as much as possible, controlled for in the design. 

Major factors in the method of indirect calorimetry include 

the following areas: (1) type of equipment, (2) technique, 

(3) duration and number of repetitions of a test, (4) envi

ronmental factors, and (5) characteristics of the population, 

the sample, and the individual. 

Equipment 

Collection of inspired air is done using either a 

Douglas bag, a portable respiratory chamber, or a ventilatory 
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hood or facemask connected to a chamber. The first two are 

advantageous when subjects are actively moving; ventilatory 

hoods are used in resting subjects (Hollands et al., 1981). 

Garrow (1978) reports a 2 to 5% accuracy in all three methods 

but prefers ventilatory hoods or face masks, when possible, 

for two reasons: (1) provides longer periods of expired air 

collection and (2) minute by minute measurement has the 

advantage over full collection with later analysis because 

inaccuracies can be more easily detected (sudden spikes or 

decreases in gas values). Errors present in all systems that 

must be controlled for have been reviewed by both Garrow 

(1978) and Consolazio (1963); the more common are listed 

here: (1) leakage by mouthpiece, noseclip, hood, oxygen 

supply, or in bag leaks in a closed circuit system, (2) error 

in calibration of equipment, (3) change of pressure of spiro

meter, (4) change of equipment temperature, and (5) change in 

water vapor tension. 

Technique 

Technique should be standardized between all observ

ers and specifics (for example, manner in which instructions 

are communicated to subjects) should be reported. Even in 

1919, Harris and Benedict standardized a number of observers 

in all laboratories to be included in their study. 
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Length and Number of Repetitions 

Duration and number of repetitions of each calori-

metry measure must be documented. The goal of the measure 

will influence length of the test time. There has been wide 

variability, from five minutes to greater than an hour, in 

test duration with the goal being an estimate of RMR. Garrow 

and Hawes (1972) measured 75 subjects using ventilatory hood 

equipment. They were rested thirty minutes and then oxygen 

and carbon dioxide values were measured in four 15-minute 

uninterrupted intervals. There was a significant drop in 

carbon dioxide and a small drop in oxygen in the first to 

second periods. From the second to the fourth periods, 

oxygen values were stable but carbon dioxide did not 

stabilize until the end of the third period. Even when 

"stable," there was a 5 to 10% fluctuation between periods. 

From these data, we may conclude that a fifteen to thirty 

minute rest period and a minimum of a 30 to 45 minute 

collection period are necessary to obtain reliable values. 

The number of repetitions will be dependent on the 

goal of the study. Difficulties in studies reviewed have 

included inadequate reporting not only of the number of 

repetitions per subject, but of the time frame in which the 

repetitions occurred. It was often not clear whether the 

tests were conducted one after the other, with breaks, or on 

totally separate days. 
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Environmental Factors 

Environmental factors to be considered include 

temperature, relative humidity, barometric pressure, time of 

day, and season of the year. The optimal range of tempera

ture within the 'zone of thermal comfort1 is defined as "the 

range of ambient temperatures, associated with specified mean 

radiant temperature, humidity, and air movement, within which 

a human in specified clothing expresses satisfaction with his 

thermal environment for an indefinite period" (Bligh and 

Johnson, 1973). A temperature of 25°C was the most accept

able temperature for subjects in a study reported by Fanger 

(Garrow, 1978). 

Time of Day or Month 

Variability in the resting metabolic rate values done 

consecutively versus throughout the day may be substantially 

different due to circadian rhythm changes. Aschoff and Pohl 

(1970) found the lowest point in the RMR to be in the early 

morning. Bray et al. (1970) measured 18 obese women and 

Zahorska-Markiewicz (1980) measured 21 obese and 10 normal 

weight women; both studies concluded that RMR was lowest in 

the early morning. 

In addition to circadian rhythm changes, timing of a 

female subject's menstrual cycle may alter RMR. A rise in 

progesterone follows ovulation along with a second rise in 

estradiol. Progesterone has a hyperthermic effect, causing 
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basal body temperature to rise 0.5 to 1.0°C during the 24 to 

48 hours of ovulation and remains elevated until shortly 

before the next menstrual period. Ovulation generally occurs 

at day 14 to 15 of a 28 day cycle (Benson, 1984). 

In the previously mentioned study by Solomon et al. 

(1982), on 6 subjects studied for 92 days, menstrual cycle 

data in 5 of the 6 subjects consistently showed a significant 

(statistics and calorie difference not given) decrease in the 

RMR during menstruation, falling to a low point approximately 

one week before ovulation, followed by an increase prior to 

the beginning of the next cycle. When Solomon performed 

analysis of variance on the same data using averaged RMR 

values on menstrual versus non-menstrual days, there was no 

significant difference. Thus, the effect is slight and may 

be missed if averaged values are used. Earlier studies by 

Wakeman and Snell were in agreement with Solomon's findings 

(Solomon et al., 1982). 

Based on these studies, if reliability of RMR data is 

to be measured in women, ovulation should be monitored by 

basal temperatures and scheduling of testing adjusted to 

measure subjects within a similar menstrual cycle time frame. 

Season of the Year 

The beginning and ending dates of the study should be 

reported due to possible variation in RMR values during the 

different seasons. Consolazio (1963) found RMR values in 
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young men to be more variable in the summer than the winter. 

Numerous Japanese studies (Nutr. Rev., 1967 ) reported an 

increase in RMR in winter months and a decrease in summer. 

However, in the same literature review, other studies found 

no significant difference. 

Subject Characteristics 

Individual characteristics describe factors inherent 

not only in the individual, but in the sample and the popula

tion, that may affect RMR values. Selection of population 

will be dependent on purpose of research. Sample size should 

be recorded as the original number selected, the number 

actually used, and if a discrepancy exists between the two 

occurs, a statement as to cause. Sample data should report 

mean, standard deviation, and range for all data (Durnin and 

Ferro-Luzi, 1982). 

Individual characteristics include (1) health status, 

(2) nutritional status, and (3) body size and composition. 

Health status summarizes the chronic as well as the recent 

health history of a subject. Chronic disease or medicines 

should be noted. Recent surgery or illness significantly 

increases the RMR. 

Nutritional status should indicate socio-economic 

status, generalized activity level, and recent diet history, 

including knowledge of any attempts at dieting or presence of 
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uncontrolled weight gain or loss (Durnin and Ferro-Luzi, 

1982). 

Dauncey (1980) studied the effect of the previous 

day's food intake of 8 subjects, 4 men and 4 women, age 35 + 

2.7 years old, weighing 60 + 2.8 kg, on RMR values, altering 

calorie levels to exceed, maintain, or be deficient to 

maintain weight. Compared to average intake, underfeeding 

for 24 hours decreased heat production by approximately 9% 

during that same day but tapered to only 0 to 3% decrease by 

night. Overfeeding by 68% of the average intake for an 

individual, had more significant results. The RMR remained 

elevated by 12 + 3% fourteen to fifteen hours after the last 

meal. 

Though short-term reduced intake appears to have a 

short-term effect, chronic dieting (greater than one week) 

has been shown to alter RMR more significantly. Garrow 

(1978 ) studied 37 obese women, age 35 + 10 years old, 

weighing 93.1 22.1 kg. After one week on an 800 calorie 

diet, RMR decreased by 12.2 +_ 4.3%. However, some 

participants, who had been dieting just prior to the study, 

had to be evaluated separately. Their RMR values only 

decreased by approximately 50% as much as the other subjects, 

indicating an already altered metabolic rate. These data 

reinforce the need to obtain an adequate nutritional history 

prior to testing. 



The range and diversity of body size and composition, 

and the accuracy with which their measured, can affect the 

reliability of RMR data. In general, RMR decreases with age, 

increases with height and weight, is greater in men than 

women, and greater in people who exercise. Much of this 

variation is attributed to the varying amounts of lean body 

mass (Garrow, 1978, Boileau et al., 1971, and Wilmore, 1983). 

As early as 1902, investigators attributed the degree 

of metabolism to the cell mass of an organism. Benedict 

agreed and warned that weight and body surface area "were 

equally unsuitable theoretical indices relative to active 

protoplasmic tissue" (Cunningham, 1982). However, because of 

the ease of use, height and weight are still used as common 

predictors of overweight and obesity today. 

Body Mass Index. Height-weight charts are a poor 

index of estimating degrees of overweight or obesity; a good 

index should give a low correlation with height since it is 

assumed that the proportion of fat in the body will be 

unrelated to height (Womersley and Durnin, 1977). Keys, 

Fidanza, Karvonen, Kimura, and Taylor concluded that the 

index Weight/Height^ (referred to as Body Mass Index, BMI, or 

the Quetelet's index) was the most satisfactory measure of 

obesity, of the various relative weight measures, because 

this index has a comparatively high correlation with body fat 

and a low correlation with height (Womersley and Durnin, 
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1977). In this same study by Womersley and Durnin, in women 

20 to 29 and 30 to 39 years old, using the Spearman rank 

order correlation, height had a correlation with BMI of 0.06 

and 0.11, respectively. Percent fat had a correlation with 

BMI of .71 and .91, respectively and .82 for all women in the 

study. 

BMI offers the advantage of providing a continuous 

quantitative scale for relative weight which facilitates 

comparisons of individuals with population norms (Thomas, 

McKay and Cutlip, 1976). However, its limitations include 

being sex specific and altering with age and extreme size; 

each limitation reflects BMI's inability to assess body 

composition (Harrison, 1985; Womersley and Durnin, 1977). 

Though BMI and percent fat were found to be strongly 

correlated by Stavig, only slightly over 1/2 of the variance 

in adiposity was accounted for by BMI (Harrison, 1985). 

Womersley and Durnin (1977) also found a high correlation but 

also noted BMI under or over-estimated fat in very lean and 

very obese subjects. 

Fat and Lean Body Mass. When available, better 

methods that correlate more strongly with RMR are measures of 

lean body mass and fat. Total body water (TBW), total body 

potassium (K), and body density have become standard labora

tory approaches for estimating fat and lean tissue (Lohman, 

1984). Within-laboratory reliability of any of these 
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measures is 1 to 3%, with variation in body potassium being 

somewhat larger. Less is known about inter-laboratory 

reliability; Anderson estimated the reliability of the method 

for body potassium is + 3 gm. and the accuracy is + 5 gm. 

(Lehman, 1984). 

Estimates of total body water, potassium, and density 

are based on the assumption that the body is a two compart

ment model; fat and the remainder (fat-free or lean body 

mass). However, the LBM is actually a multi-component space 

including muscle, bone, water, and mineral (Lohman, 1984). 

Types of error can be introduced when the assumption is made 

that the ratio or content of fat and LBM does not change: 

(1) inter-individual variability in the amount of water, 

protein, or mineral content or muscle and bone content, (2) 

differences in fat composition and density between some 

individuals, (3) the mean fat-free body composition between 

populations may differ and not be an appropriate reference 

for all populations, and (4) environmental influences, ie. 

nutritional history, may have an effect on composition 

(Lohman, 1984 ) . 

Hydrostatic weighing is often used as the standard 

for determining relative body density. The hydrostatic 

method of underwater weighing is based on Archimedes prin

ciple, which states that the reduction of the body weight 

underwater is equal to the weight of the water displaced by 
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the body. Body density is the ratio of body mass to body 

volume. The average error in measurement is 2 to 3% 

(Williams, Anderson, and Currier, 1984). 

The underwater body weight is determined by suspend

ing a subject below the surface of the water on a suspension 

apparatus attached to a line leading to a weight scale. 

Water temperature is measured to calculate density of water 

(usually 37 to 3y°C for minimal adjustment (Williams et al., 

1984) . 

Underwater weight is influenced by two extraneous 

volumes, air trapped in the lungs after exhalation (Residual 

Volume, RV) and air trapped in the gastrointestinal tract. 

The residual volume needs to be subtracted from the volume of 

the body underwater; the effect of the air in the GI tract is 

minimal and usually ignored (Wilmore, 1969). 

Various methods for measuring or predicting residual 

volume include indirect measuring of nitrogen or oxygen 

dilution predicting a percentage of vital capacity or the use 

of predictive regression equations. Wilmore (1969) calcu

lated the densities of 197 subjects using the above methods 

and found the mean within-subject difference in calculating 

density was 1%. He recommended that when high degrees of 

accuracy are necessary, measurement rather than prediction 

methods should be used. If residual volume is underestimated, 

the result is an overestimation of percent body fat and vice 
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versa. The resultant error changes the results in terms of 

body fat in the range of 1 to 4%. . Residual volume is also 

affected by age, sex, exercise, posture, smoking, and 

pulmonary disorders; residual volume tends to be lower in 

women than men and higher with age and deconditioning. 

Relationship of RMR to Body Composition 

In the majority of studies reviewed, RMR (Kcal/min) 

is higher in men than women and higher in the more obese than 

leaner, smaller subjects (Garrow, 1978, Cunningham, 1982, 

Felig et al., 1982). In a study by Cunningham (1982), on 10 

obese and 10 normal weight women, the obese groups mean RMR 

was 26% higher than the leaner group. Hoffman (1979) 

compared 15 obese women, with a mean fat percentage of 33.6% 

and 13 normal weight women with a mean fat of 20.4%. By the 

body density method, their lean body mass was comparable 

(obese, 47.1 +_ 3 kg, normal weight, 46.4 + 5 kg). The RMR 

was still found to be significantly higher in the obese group 

(p < 0.025). Thus, either a larger LBM or a larger fat mass 

appears to elevate RMR. However, Keys and Brozek estimate 

the composition of obesity tissue to be 24% cell mass, 62% 

fat, and 14% ECF (Johnston and Bernstein, 1955; Cunningham, 

1982); the additional 24% active cell mass probably accounts 

for the difference in RMR values in Hoffman's study. 

Felig (1982) measured 10 nonobese women (62.8 + 4 kg, 

43.4 +2 kg of LBM) and 10 obese women (103.6 + 4 kg, 54.1 + 



30 

0.9 kg of LBM), age 23 to 38 years old. LBM was calculated 

by rearrangement of the predictive equation for TBW of Moore 

et al. for females: 

LBM = (69.8 - 0.26 M - 0.12 A) X M/73.2 

in which M is body mass in kg, and A is age. The author 

states the validity of this equation for estimating LBM in 

obese women was determined by calculations on 21 obese women 

in whom data were available on LBM as determined by total 

body water, potassium, or multi-body diameters. The values 

for LBM as determined by the equation agreed within 2.8 + 

1.4% of the published values as determined by the more direct 

methods. in Felig's study, RMR in the obese group was 25% 

higher than in the non-obese group (p < 0.005). Though RMR 

was higher in obese subjects in absolute terms, rate of 

energy expenditure per unit BSA or LBM was equal to controls. 

By the strong correlation (value not given) between estimated 

LBM and RMR observed in the obese subjects, Felig suggests 

that the increase in LBM induced by obesity may be respons

ible for the rise in RMR. A correlation was also observed 

between RMR and body weights/4; however, the intercepts of 

the regression lines differed between obese and nonobese 

subjects. Thus, RMR, in relation to body weight3/4, was 

significantly reduced in the obese group (p < 0.005). The 

use of body weight3/4 has been proposed as an index of the 
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"inetabolically active cell mass." When applied to obese 

subjects, Felig states this index suggests the presence of a 

state of hypometabolism in the face of an absolute increase 

in RMR. "This discrepancy can be explained on the basis of 

the composition of excess weight present in obese subjects. 

Adipose tissue triglyceride contributes to a far greater 

extent than LBM to the increased body weight of obese 

subjects. Because the rate of oxygen consumption per gram of 

adipose tissue is lower than that of lean tissue, it is not 

surprising that when metabolic rate is related to total body 

weight, a decrease is observed in obese subjects (Felig, 

1982). 

In the majority of studies reviewed, RMR was more 

strongly correlated with LBM than fat or body weight. In 

Halliday's study (Halliday et al., 1979) of 22 obese women 

measured by both total body water and potassium methods, LBM 

had a stronger correlation (r = .76, total body water, .84, 

potassium) than fat (r = .59, total body water, .62, potas

sium) with RMR. 

James et al. (1978) measured 11 men and 61 women, age 

20 to 71, with varying body compositions (measured by 

potassium and skinfolds). Like Halliday, James found LBM to 

have a stronger correlation (r = .829) than fat (r = .512) 

with RMR. Only two studies by Bray and by Miller and 

Parsonage were noted by Garrow (1978) in having a stronger 
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correlation between fat and RMR than LBM and RMR. On 

reviewing Bray's study (1970) of 18 women, 106 to 209 kg, 

with fat and LBM estimated by total body water and potassium 

methods, the correlations with RMR were .7288+ with fat by 

potassium, .2674 with fat by total body water, .3918 with LBM 

by potassium, and .5628* with LBM by total body water (+ = p 

< .001, * = .1 > p > .05). Garrow explained these findings 

based on the fact that LBM and fat are themselves highly 

correlated, so even if there was no direct correlation 

between fat and metabolic rate, there would be an association 

of subjects with a high fat mass and a high metabolic rate 

due to the common association of LBM. 

Using regression analysis, the degree of the rela

tionship of LBM and fat to RMR can be further understood. 

Studies by Hoffman et al. (1979) and James et al. (1978) were 

reviewed and compared with a critique by Garrow of Halliday's 

study (Garrow, 1978; Halliday et al., 1979). 

Halliday studied 22 obese women, 90.2 + 18 kg with 

estimates of LBM, by total body potassium, of 48.6 + 7 kg, 

leaving 41.6 +_ 13 kg of fat mass. By the total body water 

method, LBM was 50.1 + 8 kg and 40.1 + 14 kg fat mass. RMR's 

ranged from 212 to 356 ml/minute. The correlation between 

LBM and RMR was .844 by the potassium method and .759 by the 

total body water method (p < 0.001). Fat mass also had a 

significant correlation with RMR; using the potassium method, 
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r = . 623 and by total body water, r = 0.593. Correlation 

between fat and LBM was r = .52. 

Table 1 gives a multiple regression analysis in which 

lean and fat mass are* the individual variables and RMR, the 

dependent variable. The factor which "explains" the greatest 

function of the variation is LBM, measured as potassium with 

fat only explaining an insignificant amount of the remaining 

variance. However, when fat is entered as the first, instead 

of second, variable, it appears to be the larger fraction of 

explained variance but when LBM is added in, it makes a 

significant, rather than insignificant contribution to the 

remaining variation (higher F value). When only fat, rather 

than both fat and LBM are tested as the first variable, the 

results may be misinterpreted. 

Hoffman (1979) (Table 2) studied 15 mildly obese 

(> 30% fat by body density) and 13 normal fat (< 25% fat) 

women, age 20 to 30 years ol'd. As in the previous study, LBM 

explained more of the variance in RMR than either fat or body 

weight when obese and normal fat groups were assessed 

separately. However, when the two groups were combined, and 

the range of body fat content increased, body weight and LBM 

(fat-free mass) showed similar correlations with RMR, however 

both still explained more of the variance than fat. The 

author concluded that LBM gave a better explanation of the 

variation in RMR than body weight only when the subjects were 
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Table 1. Multiple regression of lean and fat mass on meta
bolic rate in 22 women (data of Halliday et al., 
1978). 

Independent Variable Sums of df 
Squares 

LBM (potassium) 18,825 1 50 < 0.001 

Add fat (potassium) 1,256 1 3.8 N.S. 

Residual 6,319 19 

26,400 

Fat (potassium) 10,260 1 17.7 < 0.005 

Add LBM (potassium) 9,821 1 29.5 < 0.001 

Residual 6,319 

26,400 

LBM (water) 15,200 1 27.1 < 0.001 

Add fat (water) 3,846 1 9.9 < 0.01 

Residual 7,354 19 

26,400 

Fat (water) 9,280 1 10.8 < 0.005 

LBM (water) 9,766 1 25.2 < 0.001 

Residual 7,354 19 

26,400 



Table 2. Linear regression analysis with RMR as dependent variable and 
body weight, fat-free mass, fat mass, body surface area and a 
combination of fat-free mass and fat mass as explaining vari
ables. — Regression coefficients: a = intercept, b = slope, 
R2 = coefficient of determination indicating the fraction of 
the variance of the RMR values, statistically accounted for on 
the basis of the association of RMR and the different body 
parameters: 0 <_ R2 <_ 1/ s.e.e. = standard error of estimate. 
(Data of Hoffman et al., 1979) 

Explaining Normal wt. Obese Combined Difference 
Variable (n = 13) (n = 15) (n = 28) (Obese/normal) 

Slope Intercept 

585.2 

13.9 n.s. n.s. 

0. 64 

105.0 

-48.3 

32.9 n.s. p < 0.05 

0.64 

104.5 

Body weight a 397.5 476.2 
(kg) 

b 17.5 15.1 

R2 0.58 0.67 

s.e.e. 129.2 77.8 

Fat-free a -19.6 -12.9 
mass (kg) 

b 31.0 33.2 

R2 0.67 0.75 

s.e.e. 114.1 67.7 

<jJ 
U1 



Table 2--Continued 

Explaining Normal wt. Obese Combined Difference 
Variable (n = 13) (n = 15) (n = 28) (Obese/normal) 

Slope Intercept 

Fat mass a 1100.3 1138.6 1227.6 
(kg) 

b 26.3 17.1 14.2 n.s. n.s. 

R2 0.30 0.37 0.37 

s.e.e. 165.4 107.4 137.4 

Surface a -223.0 198.4 -138.1 
mass (m2) 

b .. 975.3 750.3 931.7 n.s. n.s. 

R2 0.48 0.34 0.51 

s.s.e. 141.8 110.2 122.0 

Fat free a -37.7 48.1 74.2 
mass and 

^FFM 31.8 29.9 27.1 n.s. n.s. 

bFM -1.5 5.8 7.9 

R2 0.67 0.78 0.74 

s.e.e. 119.6 65.7 90.0 

n.s. n.s. 
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divided in homogenous groups based on body fat content. 

Assuming that LBM was the first variable entered, the 

difference between Halliday's and Hoffman's studies was that 

the fat contributed a significant amount, though less than 

LBM, to the variance in both normal and obese women in 

Hoffman's study but not Halliday's. 

James's study also agreed with Garrow's critique of 

LBM contribution to RMR. Eleven obese men, 114 + 22 kg, 61 

obese women, 96 + 18 kg, age 20 to 71 years old, and 11 

normal weight men, 66 +_ 8 kg, and 15 normal weight women, 55 

+ 6 kg were measured. Body fat and LBM were calculated using 

skinfolds and Durnin and Womersley's equations and total body 

K. There was no significant difference between skinfolds and 

K values. Obese groups had a 32 to 36% higher absolute LBM 

than the normal control groups. Multiple regression analysis 

of James's data revealed that the RMR of the patients studied 

while in energy balance was related both to LBM (r = .829) 

and body fat (r = .512) but once the co-correlation of fat 

with LBM (r = . 582) had been removed from the equation, the 

contribution of body fat to the variability was negligible 

(0.2%). 

Reliability of Within-Subject RMR: 
Reported Studies 

Reliability measures consistency of results over 

time. Using the re-test method, the same test is 
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administered to the same subject after a period of time has 

elapsed. Correlations are then established between the two 

or more sets of results (Gay, 1980 ). Over the years, 

relatively few studies have attempted to measure the within-

subject reliability of RMR. Most studies reviewed had goals 

other than just assessing intra-individual reliability. 

These studies compared tests on the same day, on consecutive 

days, or on weekly RMR values. 

Studies on the Same Day 

Knox et al. (1983), Feurer et al. (1983), Hoffman 

et al. (1979), Bray et al. ( 1970 ), and Galvao ( 1950 ) all 

performed repeated tests on a single day. As a preliminary 

test to studying resting metabolic expenditure in cancer 

patients, Knox (1983) measured the RMR in the mid-morning and 

mid-afternoon in 10 hospitalized patients, in a rested, 2-

hour post-prandial state. Reliability between the two 

measurements was 1 +_ 2%; (the type of statistic was not 

given). Difficulties assessing these data include lack of 

information on the patients' individual characteristics and 

health status. The length of average test time was not 

given; instead, data collection stopped after "five consecu

tive stable VC>2 and VCO2 values were evidenced." If unable 

to equilibrate (stabilize), subjects were excluded from the 

study. This criterion might have significantly altered 

reliability results. 
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Feurer et al. (1983) studied 112 obese subjects, 

comparing RMR with the Harris-Benedict prediction equation. 

Only the mean values for the equilibrated data points ( a 

measure of continuous gas exchange for a period of 5 to 15 

minutes until evidence of equilibrium or 'steady state' was 

achieved, then 5 consecutive determinations of VO2 and VCO2 

were averaged) were used in the calculation of RMR. Only one 

determination was made. This was based on the fact that 

"reproducibility of such measures has been demonstrated at 

this institution," referring to two unpublished studies. The 

first measured RMR twice within one hour on 26 healthy 

subjects (9 males and 17 females). The mean percent change 

from the first to the second measurement was 1 + 2% in males 

and 2 + 2% in females. A second preliminary study on 10 

clinically stable patients, measured mid-morning and mid-

afternoon, found the mean percent difference between measures 

was 1 + 2%;( no other information was given about the samples 

or methods). 

Hoffman et al. (1979) measured 13 healthy obese and 

13 normal weight Dutch women, age 20 to 30 years old; none 

had been dieting, and the cycle of menstruation had been 

"considered" (but how was not stated). In a fasted state, 

after a 30-minute rest period, two trials were carried out 

using closed circuit spirometry. The first test lasted ten 

minutes with a short break followed by a second five minute 
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test. The average coefficient of variation for the obese 

group was 1.3% and for the normal weight group, 1.7%. 

Bray et al. (1970) studied 18 obese women, 15 to 62 

years of age, and 106.0 to 209.7 kg. Indirect calorimetry 

determinations were collected using a Douglas Bag and a 

Beckman analyzer. After 15 to 20 minutes of rest, 5-minute 

samples were collected at 11 spaced intervals between 8 A.M. 

and 8 P.M. daily over a six day period of time. Oxygen 

consumption rose after each meal and was lowest in the early 

morning and again at night. The value for each point during 

the day had a standard error which was less than 5 percent of 

the mean at that point, over the six days. However, differ

ences between the means at different times during the day 

appeared to be significantly higher, i.e., if using one 

determination, it would be important to measure a person at 

the same time each day and acknowledge whether it was a 

fasting or mid-day value. The amount of difference between 

initial morning results and other time measures was not 

specifically addressed; the data of one subject were given in 

a figure and ranged from means of approximately 420 to 520 

ml/min of VO2 consumption, depending on the time of day. 

A less recent one-day study by Galvao in 1950 was 

based on two consecutive open-circuit indirect calorimetry 

tests on 50 obese, healthy, Brazilian men, age 20 to 45 years 
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old, with a weight range of 62.0 to 98.8 kg. The average 

difference between the two tests was 3.7%. 

Consecutive or Alternate Days 

Two of the better reported studies reviewed, by 

Solomon, Kurzer and Calloway (1982) and Shock (1942), were 

carried out, between days, over longer time periods. For 

ninety-two days, Solomon's group studied 6 healthy women, 

aged 19 to 33, with mean pre- and post-weights ranging from 

53.3 to 61.3 kg. After a seven day adaptation period, energy 

intake was set at 1.65 the subject's RMR and then adjusted 

periodically in order to maintain body weight. Open circuit 

indirect calorimetry, using 100 liter.Douglas bags, was 

performed five times the first week and every other day for 

the remainder of the study. The subjects were measured after 

eight hours sleep, in a fasted state, laying quietly. There 

was a five-minute adjustment period to the mouthpiece, 

followed by a 10-minute collection period. Kcals/min (RMR) 

was calculated using Weir's equation. The mean RMR of the 

women was 1202 + 1 38 kcal/day, with a coefficient of 

variation between subjects of 12%. The within-subject 

coefficients of variation ranged from 6 to 9%. 

In Shock's (1942) study, fifty adolescents were 

measured every six months from.age 11.5 to 17 years old (over 

seven years). Three eight-minute open circuit Tissot method 

tests were conducted on two consecutive mornings. The fasted 
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subjects rested twenty minutes prior to the test. The 

correlation between the means of three determinations of RM 

Ron two different days, every six months, was calculated. 

Error of estimate when expressed as a percentage deviation 

from the mean value was 3.9% for the boys and 4.7% for the 

girls. 

Weekly 

One study, by Calloway and Zanni (1980), measured 

weekly RMR values on six elderly men for 47 days. The 

subjects ranged in age from 63 to 77 years old and weighed 

77.2 to 91.4 kg. They were fed liquid formulas at calorie 

levels to maintain their weights. The fasted, rested 

subjects were measured for ten minutes using a Douglas bag 

for collection of gases. Within-subject reliability ranged 

from 3 to 9% when the weekly measures were compared. 

The above studies reported a within-subject relia

bility of anywhere from 1.3 to 9% coefficient of variation 

depending on the different populations, size of samples, time 

period between measurements, and difference in methods. it 

is difficult to critically evaluate much of the data because 

of lack of information on either or both methods and 

individual characteristics given in the publications. 
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Summary 

In conclusion, the majority of the small number of 

published studies estimating within-subject reliability of 

RMR inadequately reported either or both methodology informa

tion or individual characteristics data, making critical 

assessment of the results an impossibility. In some cases, 

the lack of information relates to the fact that within-

subject reliability testing was only a small preliminary goal 

as part of a larger study. It is necessary, therefore, to 

carry out a study on a large enough sample of subjects of 

varied body composition, with adequate reporting of all 

methodology and data collection, to be able to assess intra-

individual reliability of indirect calorimetry as a tool in 

the measurement of resting metabolic rate. 
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METHODS AND MATERIALS 

Subjects 

Recruitment 

Twenty-eight women were selected from the Tucson, 

Arizona community to participate in this study, conducted at 

the Human Performance Research Laboratory at the University 

of Arizona. Data were collected from August, 1986 through 

June, 1987. Subjects were recruited using Tucson newspapers 

and University of Arizona weekly and monthly bulletins to 

employees and students. Applicants were required to fill out 

a screening questionnaire (Appendix I); if they met the 

criteria for the study, they were then contacted to arrange 

testing dates. 

Criteria for Entrance into the Study 

Entrance criteria for the study were based on two 

measures: (1) control or limitation of factors affecting RMR 

and (2) body composition. Factors affecting RMR included 

sex, age, health status, medications, menstrual history and 

dieting history. 

Only women were selected due to variation between men 

and women in RMR. Women typically have a lower metabolic 

rate and less lean muscle mass than men. 
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A twenty to forty age limit was set. By age twenty, 

growth would not have to be considered a factor. After age 

forty, changes in the menopausal status and the.degree of 

bone mineral loss could affect RMR and body composition 

measures respectively. 

Applicants were screened for any history of recent or 

chronic illness or infection. Muscle wasting or chronic 

infection could alter RMR. Lung disease would alter both 

oxygen consumption in indirect calorimetry and the measure of 

residual volume in hydrostatic weighing. Back problems were 

carefully screened; a subject needed to be able to be com

fortably on her back for one-hour time intervals and be able 

to sit comfortably in the hydrostatic weighing chair. Any 

applicants taking medications that might alter RMR (ex., 

thyroid medications or oral contraceptives) were omitted from 

the study. 

Menstrual cycle history was reviewed with the appli

cant. An applicant was selected if she had a regularity in 

her menstrual cycle within + 3 days of average monthly cycle 

length for better prediction of ovulation. Applicants could 

not be pregnant or lactating within six months prior to the 

study. Parity was recorded but not a factor. 

Recent dieting efforts for weight loss have been 

shown to significantly alter RMR. Applicants could not be 

actively dieting at least two weeks prior to testing. If an 
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applicant was accepted into the study, diet histories were 

not recorded purposely; a subject was encouraged to eat as 

she normally would. If written records were kept, they might 

have subconsciously affected the amounts and types of foods 

usually eaten. 

Applicants were limited to those exercising two times 

per week or less. These more sedentary women were less apt 

to be in a state of change, especially with varying body 

compositions. 

To achieve accurate hydrostatic weighing results, 

applicants had to feel comfortable in a pool, be able to put 

their heads under water, and to expel air from their lungs 

under water. 

Driving time to the laboratory from an applicant's 

residence was noted. A goal of less than twenty minutes 

driving time after awakening on testing mornings was main

tained to achieve more accurate results. 

Body composition was estimated using the Body Mass 

Index (BMI) using verbal heights and weights as a measure of 

relative weight; accepted subjects were later analyzed by the 

body density method. The goal was to recruit women of 

varying body composition, normal to obese. 

Once recruited, subjects were given a set of written 

instructions (Appendix II) for the metabolic testing and 

underwater weighing. Subject consent form (Appendix III), as 
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approved by the University of Arizona Human Subjects Commit

tee, were read, questions answered, and signed before testing 

proceeded. 

Equipment 

The volumes and concentrations of oxygen and carbon 

dioxide were estimated using a S-3A Model No. N22-M Oxygen 

Analyzer, a C.D.-3A Carbon Dioxide Analyzer, and a Model R-l 

Flow Control, all produced by Applied Electrochemistry, Inc. 

The oxygen analyzer can detect change at .001%. Between 0 to 

15% carbon dioxide, the accuracy of the carbon dioxide ana

lyzer is + 0.01% or 1% of the reading, whichever is larger. 

Calibration of the oxygen and carbon dioxide analyz

ers was performed by using a standardized gas mixture of 

approximately 16% 02/ 4% CO2/ and 80% N£. The composition of 

this gas was determined by Micro-Scholander Analysis. 

Barometric pressure was recorded using a Princo Wall 

Barometer. Relative humidity was measured by dry and wet 

bulb temperatures using a Taylor Sling Psychrometer. Rela

tive humidity ranged from 32.5 to 67.9%. 

The gas sample collected from the subject flowed from 

the Vacuumed Speak-Easy II face mask and connective tubing, 

to the oxygen analyzer's solid oxide cell sensor. The 

difference in the oxygen partial pressure across the cell 

generates D/C voltage which is fed to the S-3A Readout/ 

control unit where it is processed. The oxygen content is 
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then displayed on a digital panel meter and simultaneously 

recorded on a separate Apple lie Computer System with 

attached Okidata Microline 182 Printer. The degree of change 

in D/C voltage caused by flow of oxygen across the sensor 

indicates the percent of oxygen in the unknown gas sample. 

Measures were recorded at one-minute intervals and included 

RQ, V02/kg, V02/L, CO2/L, VE at ATPS. VE at BTPS, VE at STPS, 

VI at ATPS, FEO2, and FECO2• 

Sample Collection 

The investigator was responsible for collection of 

all test data. Previous training with the same equipment was 

obtained in related clinical work for the Obesity and Nutri

tion Consultation Unit affiliated with the University of 

Arizona's Department of Family and Community Medicine in 

Tucson. 

On 3 consecutive days, between the third and tenth 

day of the mid-menstrual cycle, the subjects arrived at the 

laborabory between 6:00 and 8:30 A.M. Each subject was 

scheduled within one hour of the same time period each day. 

Each morning the subject was to be in a rested, fasted (12-15 

hr post-prandial) state (Appendix II, Subject Instructions). 

Height was measured on one of the three days using a 

GPM Anthropometer, to within 0.01 cm. Daily weights were 

measured on a Horns balance scale to the nearest 0.01 kg and 

later averaged to calculate subsequent data. 
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Before RMR data was collected, daily oral tempera

tures were taken using a Becton Dickinson Basal Thermometer. 

The subject then lay on a padded medical examination table in 

a quiet, darkened room. The temperature in the room ranged 

from 23.3 to 27.2°C, the goal being an ambient temperature 

which permitted a subject to wear light-weight street 

clothes. A light blanket was offered if the subject felt 

cool. 

A 20-to-30-minute rest period was immediately fol

lowed by a 30-minute test period. In the last five minutes 

of the rest period, the face mask was placed over the nose 

and mouth to allow time for adjustment and ensure there were 

no air leaks in the system. Before the rest period on the 

first day, an explanation of the procedure and demonstration 

of the face mask usage was carried out as a training proce

dure to minimize anxiety and answer any questions. The 

subject was instructed to remain as still as possible in a 

supine position with legs straight or cushioned by a pillow. 

The subject was allowed one to two pillows under her head. 

After the data collection began, the operator moved to an 

adjoining room to decrease the noise and distraction level. 

The lights were dimmed. The subject was instructed to remain 

awake but relaxed. The subject was quietly checked through

out the procedure to assure proper positioning and monitor 

the data collection. 
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In the last 20-minute interval of the 30-minute 

testing period, 5 continuous 1-minute RQ, VO2/ and VCO2 

values were selected and averaged to be used as the values in 

the estimation of the 24-hour resting metabolic expenditure. 

The segment was chosen looking for low-to mid-range consis

tent values. Calculations were performed using Weir's 

equation (Weir, 1949): 

RMR = Kcals/min = [(1.1 x RQ) + 3.9] x VO2/L 

Body Composition Methods 

Height 

Height was measured once during the three mornings of 

RMR testing. The subject was asked to stand adjacent to a 

flat wall, in stocking feet, hands on hips, with breath 

inhaled. Height was measured to the nearest 0.01 cm; an 

average of three measures was used. 

Weight 

Weight was measured each test day, with the subject 

in light-weight clothing, without shoes. Weight was measured 

to the nearest 0.01 gm. 

Body Mass Index (BMI) 

BMI was calculated using reported heights and weights 

from individuals and measured heights and weights, using 
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laboratory data. BMI = Wt/Ht^ , Weight in kg and Height in 

meters. 

Body Density 

Hydrostatic weighing was used to measure body 

density. Subjects were weighed in a Physical Therapy pool at 

the University Medical Center. The weighing chair, made of 

polyvinyl chloride tubing, was designed by the Biomedical 

Engineering Department at the University Medical Center, for 

the Obesity Nutrition Consultation Unit, based on the design 

of a chair at the University of Arizona's Human Performance 

Research Laboratory, but enlarged to accommodate obese 

subjects comfortably. The chair was attached to a Chatillon 

spring scale. 

The method of weighing subjects followed the 

guidelines established at the University of Arizona Human 

Performance Research Laboratory (Appendix IV). The goal was 

10 trials, using the three heaviest, consistent measures as 

the average for the calculations. Twenty-four of the twenty-

eight subjects completed 10 trials. Three subjects stopped 

after 8 trials; the last six trials being less than 0.05 kg 

in difference. The fourth subject aspirated a small amount 

of water after her fourth trial; however, trials 5-7 were 

consistent with trials 3-4 and the subject requested to stop 

after trial ho. 8. 



52 

Residual volume was measured by the nitrogen dilution 

closed-circuit in the Human Performance Research Laboratory 

according to the laboratory's guidelines (Appendix V); 

guidelines are based on the research and simplification of 

the technique by Wilmore (1969). 

A Hewlett Packard 47302A nitrogen analyzer and a 

Warren-Collins Respirometer were used. Four trials were 

recorded with a short rest between each trial. Two out of 

the four closest trials were later used in the calculation of 

body density. Testing was done on the same or adjacent day 

to the underwater weighing; there was usually a time lag of a 

few hours because of the two different locations for testing 

and the availability of equipment. Subjects had previously 

been instructed not to exercise on testing days; being fairly 

sedentary, the amount of error by the time lag was probably 

small. 

Calculations of body density; 

1. Derive volume--water and air body weights 

2. Derive Residual Volume (RV) 

RV = V x N?E 
(N2RVI - N2RVF) - 0.085 x BTPS 

V = Volume in Liters in bag 

N2E = Final N2 in bag 

N2RVI = initial N2 measure (after first expiration) 

N2RVF = Final N2 measure (after final expiration) 
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.085 = dead air space in mouthpiece valve 

BTPS = barometric pressure 

3. Derive density (D) 

D = mass (air) 
mass (air) - mass (H20) - RV 

density H20 

4. Derive % fat 

Siri Equation (Williams, Anderson, and Currier, 

1984) : 

% Fat = (495) - 450 
(D) 

LBM = Wt,kg - [(% Fat) x Wt, kg] 
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RESULTS AND DISCUSSION 

The results will be described in the following 

sequence: (1) a description of the subjects, (2) within-and 

between individual differences in RMR values, (3) the 

relationship betwee'n RMR and body composition and (4) a 

comparison of measured and predicted RMR. 

Sample 

Background 

Twenty-eight women, with a wide range of relative 

weight, between the ages of 20 and 39 (mean 28 + 6.3) 

participated and completed the study. Occupations included 

students, housewives, or women working part-time or full-time 

outside the home. Education ranged from 12 to 19 years of 

schooling with a mean of 15.5 +_ 2 years. Residency in Tucson 

ranged from 1 to 37 years with a mean of 12 +_ 10 years. 

Menstrual History 

None of the subjects had been pregnant or lactating 

for a least 6 months prior to the study. The average length 

of the menstrual cycle ranged from 23 to 31 days with a mean 

of 28.3 +_ 1.8 days. Age at menarche ranged from 9 to 15 with 

a mean of 12 + 1.5. As an indicator of ovulation, oral 

temperatures were measured each day of testing (Table 3). 
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Table 3. Description of menstrual history. 

Age of Menstrual Avg. Day X Temp. 
Menarche Cycle Ovula Ovula
X Range X Range tion tion 

Study sample 12 (9-15) 28 (23-31) NA .5-.6* 

U.S. pop. norms** 12.8 (9-17) 29 (24-34) 14 

O
 

i—
( 

1 
in 

* 4 Subjects between days 2 and 3 showed rise >_ .5 

** From Benson (1984) 
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Range and mean of the temperatures for the 3 days were 96.95 

-98.40 (97.6 + 3), 997.05-98.50 (97.6 + .4), and 97.0-98.60 

(97.6 + .3) respectively. The day-to-day difference in oral 

temperatures within-subject was not significant. These 

results indicate that ovulation had not yet occurred and 

effect of changes in the menstrual cycle on RMR should be 

minimal. 

Dieting History 

Though a number of subjects (Table 4) had a long 

history of dieting, weight loss, and weight gain, none had 

been actively dieting 2-4 weeks prior to the study. Subjects 

stated they had been eating their "usual" diet prior to and 

during test days; food intake records were not kept to avoid 

the possibility that subjects would modify their usual eating 

behaviors and affect RMR results. 

Body Composition of the Sample 

Self-reported height and weights were collected to 

calculate initial BMI from the screening questionnaire, and 

measured heights and weights, to calculate measured Body Mass 

Index (Table 5, Appendix VII). There was no statistically 

significant difference in reported and measured heights or 

reported and measured weight. Mean reported height was 

reliable within 2 cm (2-tailed t-test p < .05). Subject No. 

17 was missing the measured height; based on the reliability 
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Table 4. Description of dieting history. 

Ever Dieted No. of Subject X and Range of 
Wt. Lost 

Yes 23 27.7 (5-110) lb. 

No 5 NA 

Recent weight change 

None 15 NA 

Gain 6 30 (5-58) lb. 

Lost 6 11.6 (4-30)* 

Lost/gain 1 + 5 lb. 

* Only one subject had lost over 13 lb. recently and none 
within 2-4 weeks prior to the study 
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Table 5. Physical characteristics of subjects: age, 
heights, weights, and body mass index. 

Variable Range x + S.D. 

Reported height, cm 153.7 - 172.7 165.2 + 4.7 

Measured height, cm 156.4 - 175.3 166.7 + 4.3 

Reported weight, kg 46.4 - 125.0 75.0 + 22.9 

Measured weight, kg 45.6 - 124.6 76.3 + 23.0 

Reported B.M.I. 19.2 - 47.3 27.1 +8.0 

Measured B.M.I. 18.4 - 46.6 27.1 + 7.9 

Age 20-39 28+6 
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of the measures for other subjects, her reported height was 

used in place of a measured height when calculating BMI in 

subsequent analyses. 

Bray ( 1984 ) uses Body Mass index to help quantify 

medical risks of being overweight in a population. Fourteen 

subjects were at mild to severe risk using reported heights 

and weights to calculate Body Mass Index; 15 subjects were at 

mild to severe risk using measured heights and weights. The 

under or over-reporting of heights and weights by subjects 

did not significantly change the risk category distribution 

when comparing reported to measured Body Mass Index calcula

tions. Percent fat and lean body mass (LBM) were estimated 

from body density by hydrostatic weighing (Table 6). Because 

of the sedentary nature of the sample of subjects, the per

cent fat was somewhat higher than would be anticipated based 

on BM I. Thirty percent body fat is often used to define 

obesity (Bray, 1984). Seven subjects were less than 30% fat, 

3 subjects were between 30-31% fat, and 18 subjects were 

greater than 32% fat. For the purpose of this study, 

measuring reliability of RMR in varying body compositions, 

obtaining a large, continuous range of percent fat for 

testing was achieved.. BMI and percent body fat were highly 

correlated (r = .92, p < 0.001). 
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Table 6. Body composition of subjects estimated by hydro
static weighing. 

Range X + S.D. 

% Fat 20.95 - 55.9 37.9 +10.5 

Kg fat 9.5 - 69.8 31.1 + 17.3 

% LBM 44.1 - 79.0 62.1 +10.6 

Kg LBM 35.8 - 59.1 45.2 + 7.0 
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Resting Metabolic Rate Variation 
Within and Between Individuals 

Resting metabolic rate values were calculated from an 

averaged five-minute segment from the last twenty minutes of 

a thirty minute collection period on three consecutive 

mornings. The averaged values of RQ and VO2 and CO2 for the 

five-rninute segment for all 28 subjects are presented in 

Table 7. The broad range of RQ values, .691 to .949 indi

cates a variety in the diets "usually" consumed by the 

subjects. 

Using the RQ calculated from the VO2 and CO2 values, 

daily RMR values were estimated using Weir's equation; mean 

results are given for each day in Table 8. Even with minimum 

and maximum values being quite different, the means and 

standard deviations of all variables were very close. No 

significant difference within-subjects was found between any 

of the days for any of these variables (2-tailed t-Test p > 

.05). Because there was no significant difference when an 

averaged Kcal/min (RMR) of days 1, 2, 3 was compared with any 

single day, the average Kcal/min will be used in subsequent 

analyses. 

Within-subjects effect were not significant when 

analyzed by ANOVA (significance of F:.422). As expected, 

with a sample chosen for thei.r diverse size range in body 

composition, between-subjects effects were significant for 

Kcal/min (F < .001). The within-subject coefficient of 



Table 7. V02# CC>2f RQ subject data, days 1, 2 and 3. 

Per Liter 

Subject RQ1 RQ2 RQ3 VO21 VC>22 VC>23 CO21 CO22 CC>23 

1 .87 .87 .88 .158 .168 .168 .138 .146 .148 

2 .85 .81 .85 .218 .222 .214 .182 .178 .182 

3 .83 .82 .80 .214 .208 .218 .178 .170 .174 

4 .71 .77 .76 .174 .174 .170 .124 .134 .130 

5 .84 .76 .83 .160 ..168 .168 .134 .128 .140 

6 .83 .81 .87 .196 .192 .194 .162 .156 .168 

7 .80 .80 . 83 .188 .186 .198 .150 .150 .164 

8 

CO 

.83 .84 .168 .168 .168 .142 .140 .142 

9 .90 .77 .79 .236 .240 .238 .212 .184 .188 

10 .81 .81 .94 .186 .196 .192 .150 .158 .180 

11 .92 . 93 .69 .176 .136 .220 .162 .126 .152 

12 . 77 .74 .82 .202 .202 .188 .156 .150 .154 

13 .83 .979 .83 .294 .496 .188 .160 .156 .156 



Table 7—Continued 

Subject RQ1 RQ2 RQ3 VO21 

14 .79 .980 

r-C
O

 

.244 

15 .95 . 93 .90 .158 

16 

C
O

 

.78 .83 .196 

17 .80 .88 .92 .230 

18 .90 . 79 .85 .180 

19 .78 .80 .80 .184 

20 . 80 .74 .83 .228 

21 .84 .78 .79 .186 

22 .77 .75 .81 .176 

23 .79 .83 .85 .238 

24 . 81 .91 . 85 .230 

25 .81 .88 .89 .136 

26 .72 .188 . 86 .230 

Per Liter 

VO22 VO23 CO21 CO22 CO23 

238 .226 .194 .190 .196 

166 .176 .150 .154 .158 

186 .188 .170 .146 .156 

220 .232 .184 .194 .214 

174 .162 .162 .138 .138 

188 .170 .144 .150 . .136 

220 .216 .182 .162 .180 

194 .196 .156 .152 .156 

162 .176 .136 .122 .142 

276 .286 .188 . 228 .244 

238 . 236 .186 .216 .200 

148 .158 .110 .130 .140 

244 .236 .166 .216 .204 



Table 7--Continued 

Per Liter 

Subject RQ1 RQ2 RQ3 V021 V022 vo2
3 CO21 co2

2 co2
3 

27 .79 .69 .76 .262 .266 .256 .208 .184 .196 

28 .91 .85 .91 .198 .226 .198 .180 .192 .180 

Values represent a mean of a five-minute sample from the last 20 minutes 
of a 30-minute collection from test days 1, 2, 3. 
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Table 8. Resting metabolic rate variables. 

Variables Day X S.D. Min. Max. Skewness 

V02 1 .198 . 031 .136 .262 . 161 

vo2 2 .200 .035 .136 . 276 . 358 

vo2 3 .201 . 032 .158 .286 . 763 

CO 2 1 .163 .025 .110 .212 .009 

C02 2 .162 .029 . 228 .228 . 726 

CO ? 3 .169 .028 .130 .244 . 819 

RQ 1 . 826 .056 . 713 .949 .253 

RQ 2 . 814 .059 .692 . 928 .285 

RQ 3 .838 .052 .691 .938 -.526 

Kcal/min 1 .952 .145 .651 1.251 .140 

Kcal/inin 2 .959 .166 .669 1.337 . 399 

Kcal/min 3 .970 .152 . 770 1.384 .781 

Avg Kcal/min .960 .148 . 714 1.282 .492 

VO2 and CO2 in 
days 1, 2, 3 

L/min, RQ = C02/V02/ Avg. Kcal/min = Avg. of 
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variation was 3.397 + 3.26 percent. Twenty-seven of the 

subjects had coefficients of variation between .13 to 8.31 

percent. One subject had a coefficient of variation of 

17.08; the reasons for this value are unknown. This study's 

findings fall within the range of previous studies (1.3-9% 

coefficient of variation) in which subjects were tested on 

the same day, consecutive days, or weekly. There were no 

significant correlations between the coefficient of variation 

and percent fat, kg of fat, kg of LBM, or BMI. In other 

words, the amount of within-subject variation in metabolic 

rate in this group of subjects did not vary with body size or 

composition. 

Table 9 compares the results of this study with the 

data of Solomon et al. on six normal weight women. As 

expected, with a larger sample size and composition, the mean 

and standard deviations of the VC>2/ Kcal/min, and Kcal/day 

were higher in this study. However, the relatively small 

difference in the standard deviation for Kcals/day is of 

interest. Solomon's group did more than 40 RMR determina

tions on each subject during the 92-day study. The present 

study compared 3 determinations over 3 consecutive mornings. 

It appears that the additional measures (> 3) may not 

significantly add to the precision of estimating calories 

expended per day. 
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Table 9. Comparative results of resting metabolic rate and 
energy requirements (Kcals). 

Miniat 
Present 

Variable Study Solomon^ 

X S.D. X S.D. 
(N = 28) (N = 6) 

VO2/ ml/min 20.0 + . 031 .170 + .02 

Kcals/inin^ .960 + .148 .834 + .10 

Kcals/day 1383 + 214 1202 + 138 

Kcals/kg/day 18.9 + 3.2 20.7 +2.6 

Kcals/kg LBM/day 30.7 + 2.6 33.5 + 4.6 

1 Weir (1949) 

2 Solomon, Mindy and Calloway (1982) 
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In the literature reviewed, no recommendations could 

be found defining 'acceptable' ranges for the coefficient of 

variation as a basis in estimating an acceptable range of 

error in predicting daily calorie expenditures. From the 

results of this study, with a low coefficient of variation 

and a relatively small standard deviation in mean Kcals/day, 

it is suggested that possibly one or only a few measures are 

necessary for predicting RMR within a range applicable for 

clinical use. 

Relationship of Resting Metabolic 
Rate to Body Composition 

Body composition in this study has been defined using 

two methods: (1) Body Mass Index (BMI), using measured 

heights and weights as a measure of relative weight and (2) 

Body density, by hydrostatic weighing, to measure percent 

fat, Kg of fat, percent lean body mass (LBM), and Kg of LBM. 

Of-the body composition variables (Table 10), BMI had the 

strongest correlation with averaged RMR (1-tailed t-Test, 

p = *.01, **.001) measured weight had the second strongest 

correlation with averaged RMR. As would be expected, the 

heavier the individual (and the larger the BMI), the higher 

the metabolic rate. Body density measures were also strongly 

correlated with averaged RMR. The larger the amount of lean 

body mass in Kg (Kg LBM), fat in Kg, or percent fat, the 

higher the metabolic rate. 
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Table 10. Correlation coefficient (r) between averaged RMR 
with body composition variables. 

BMI . 91** 

Meas. wt. .91** 

Kg fat .89** 

Kg LBM .84** 

% LBM (-) . 80** 

% Fat . 80** 

Meas. Ht. .25 

* p = .01 

** p = .001 
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As in Halliday's study (Halliday et al., 1978) and 

James et al. (1978) study, there was a strong correlation 

between Kg LBM and Kg of fat (r = .81 p < .001). However, 

Halliday and James found Kg LBM to be more strongly 

correlated with RMR than Kg of fat. They assessed obese and 

normal fat groups separately. Hoffman's study of 15 mildly 

obese and 13 normal women, analyzed with the two groups 

combined, showed similar correlations of body weight and LBM 

with RMR. However, in Hoffman's study, body weight and LBM 

explained more of the variance in RMR than Kg of fat. In the 

present study, percent variance in RMR explained by Kg LBM 

and Kg of fat were more equivalent (Table 11). When Kg LBM 

was entered as the first variable, fat contributed an 

additional 12% to the total variance explained. When Kg of 

fat was entered into the regression analysis first, Kg LBM 

contributed an additional 4% to the total variance. The 

stronger effect of fat in predicting RMR in this sample was 

probably because of the larger variance of body fat in this 

sample. Percent LBM was negatively correlated with RMR (r = 

.80); the lower the percent LBM, the greater the RMR. This 

was because the largest people, those having the highest Kg 

LBM had the lowest percent LBM in relation to the amount of 

fat present. In summary, when trying to predict RMR in 

subjects of widely varying body composition, using a 
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Table 11. Percent of variance explained (R2) in Kcals/min by 
body composition analysis. 

Dependent variable: Kcal/min 

Independent variables: (1) kg of LBM (2) kg of fat 

% Variance Miniat Hoffman 

kg LBM 71% 64% 

kg Fat 79% 37% 

LBM and fat 83% 74% 

(Hoffman et al., 1979) 
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combination of LBM and fat mass, rather than a single meas

ure, may improve the accuracy of the predictive equations. 

A combination of lean body mass and fat mass were a 

better predictor of RMR than was body weight.. As observed in 

Felig's study (1983) of obese and normal weight women, when 

energy expenditure was expressed as a unit of body weight (in 

Felig's study, as Wt.3/4), obese subjects appeared to burn 

20% less calories per unit of body weight. However, when RMR 

was expressed as Kg of LBM, there was no difference between 

obese and controls. RMR per unit body weight was strongly 

correlated with all of the body composition variables (Table 

12). When RMR is expressed per Kg LBM, however, the correla

tion is no longer significant; calories were burned at a 

similar rate between subjects in relation to KgLBM. In 

practice, using "Kcals/kg W-t" to estimate energy expenditure 

in more obese subjects will probably cause significant error; 

a better equation would use an estimate of LBM. 

Measured RMR Compared to Predictive Equations 

Measured RMR per day was calculated as 

Kcals/day = Averaged RMR ( 60 min x 24 hrs) 

and then compared with the Harris-Benedict predictive 

equation for daily RMR. Harris-Benedict's .equation for 

women: 
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Table 12. Correlation coefficients between RMR and body 
composition (r). 

Variable BMI Wt. Meas. % Fat Kg LBM 

r* 

Avg. Kcal/min/ 
wt. meas. 

-.85* -.88* -.87* -.78* 

Avg. Kcal/min/ 
kg LBM 

.16 . 08 .28 -.21 

BMI = Body Mass Index 

Wt. meas. = Weight measured 

% Fat = Percent body fat 

Kg LBM = kilogram of lean body mass 
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655 + (9.6 x Wt, kg) + (1.7 x Ht., cm) - (4.7 x Age) 

The mean of the measured RMR was 1383 +_ 214 Kcal/day and the 

mean of the Harris-Benedict equation was 1539 +_ 223 Kcal/day. 

The means were significantly different (2-tailed t-test, p < 

0.001). The Harris-Benedict equation appeared to over-

predict energy expenditure in this group of sedentary women 

of varying body composition. 

These findings are in agreement with studies by 

Feurer et al. (1983) and Daly et al. (1985). Feurer measured 

RMR by indirect calorimetry on 18 obese men, 146 + 25 kg and 

94 obese women, 125 +_ 23 kg. RMR was measured as an average 

of 5 consecutive minutes after the patient reached 'steady 

state' (5 to 15 minutes) either in the morning or afternoon, 

2 hours after a meal. Weir's equation was used to estimate 

measured RMR (Table 13). When females studied by Feurer were 

compared to this study's 28 subjects, the degree of over-

estimation by the Harris-Benedict equation was virtually the 

same; the larger standard deviation probably due to Feurer's 

larger sample size. 

Daly et al. (1985) measured 127 men and women, ages 

18-67 years old, between 90 and 125% of their ideal body 

weight based on Build Study life insurance tables. Indirect 

calorimetry was measured using an orifice pneumotachograph 

and face mask. Subjects were monitored until stable (for at 

least 6 minutes) and then 3 final 2-minute results were 



Table 13. Measured resting metabolic rate compared with standard values 
as calculated by the Harris-Benedict equation. 

Sex Predicted* Measured* Measured* 
Kcal/day Kcal/day (% pred.) 

Feurer Males (37) 2610 + 421 (+) 2274 + 301 (+) 88.4 + 15% 

Feurer Female (94) 1953 +254 (+) 1751 +291 (+) 89.5 +16.9% 

Miniat Female (28) 1539 + 223 (+) 1383 + 214 (+) 89.6 + 6.1% 

* Mean + S.D. 

(+) p < 0.01 predicted vs. measured 

Feurer et al. (1983) 
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averaged and used as the mean value. Kcal/min were calcu

lated multiplying VO2 by a factor representing the caloric 

value of one liter of oxygen for the pertinent RQ (values not 

given) and then extrapolated to 24 hours and compared to the 

Harris-Benedict equation. 

Values between predicted Harris-Benedict and measured 

RMR were significantly different (T-test p < 0.001). Depend

ing on the different laboratory sites, Harris-Benedict over-

predicted the energy expenditure by 10.9 to 13.5% (Table 14). 

Over-prediction by Harris-Benedict in the present study fell 

within this range, 11.1%. Daly states the magnitude of the 

over-prediction remained largely unchanged when men, women, 

and different age groups were analyzed separately. Possible 

reasons given for the difference in results were (1) moderni

zation of equipment, (2) climatic factors, (3) types of foods 

ingested (4) and physical activity and body composition 

changes since the time of Harris-Benedict data collection. 

Daly reviewed 15 other studies (from 1917 to 1982) in 

which RMR in healthy, lean individuals was compared to values 

predicted by the Harris-Benedict equation. A wide range of 

results was noted (-14.1% to +19.1%). Daly believed this 

range to be unacceptable in predicting RMR. 

Roza and Shizgal (1982), on the other hand, after 

reevaluating the Harris-Benedict equation and its original 

data and finding an accuracy of +_ 14% in 'normal' subjects, 
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Table 14. Comparative results of measured and predicted 
calorimetry studies on women (Kcals/day). 

Harris- Measured % of 
Benedict RMR Predicted-
Predicted Measured 

+13.5 + 12.2 

+10.9 + 12.1 

+11.1 + 6.1 

T-test p < 0.001 

* 2 sites of Daly's study (1985) 

(Daley et-al., 1985) 

Sloan-Kette 

Emory (39)* 

Miniat (28) 

ing (29)* 1404 + 62 

1371 + 286 

1539 + 223 

1236 + 132 

1236 + 153 

1383 + 214 
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and a strong correlation with LBM (calculated by Moore's 

formula) (r = .86, men and .80, women), believes the equation 

is a useful predictor in a normal population. 

In summary, the present results and the majority of 

studies reviewed found a significant difference between the 

Harris-Benedict equation and measured RMR, especially in 

subjects of varying body composition where the equation is 

less likely to accurately predict LBM. 
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SUMMARY AND CONCLUSIONS 

The present study compared three indirect calorimetry 

determinations over three consecutive days on 28 healthy, 

sedentary women of varying body composition. Weir's equation 

(Weir, 1949) was used to estimate RMR for a twenty-four hour 

period. The averaged RMR of the subjects for the three days 

was .960 + 148 Kcal/min. No significant within-individual 

variation for V02/ CO2/ RQ/ or Kcals/min was found among the 

three days. Within-subject coefficient of variation of RMR 

in previous studies reviewed ranged between 1.3 and 9%. In 

the present study, a low coefficient of variation (3.4 + 3%) 

and a relatively small standard deviation in mean Kcals/day 

(1383 +_ 214 Kcals), suggests that possibly one or only a few 

measures are necessary for predicting RMR within a range 

applicable for clinical use. 

Future studies, altering the factors of activity 

level, age, and sex are necessary to find out if the within-

subject reliability is significantly changed. At present, 

the data results are applicable only to young, sedentary 

women; future studies should expand the applicability of 

within-subject reliability to more diverse groups. Before 

future studies are planned, as recommended by Durnin and 

Ferro-Luzi (1982), the scientific community should come to an 
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agreement on standards of methodology and technique in 

measuring and reporting resting metabolic rate. 

Body composition was measured by Body Mass Index 

(BMI), to assess relative weight and hydrostatic weighing 

estimated body fat and lean body mass (LBM). The goal in 

this study was to recruit women of varying body composition. 

BMI values ranged from 18.4 to 46.6 (27.1 +_ 7.9) and percent 

fat ranged from 20.95 to 55. 9 ( 37.9 +_ 10.5)%. There were 

strong correlations of body weight and body composition 

variables (fat and LBM) with resting metabolic rate. The 

heavier or more obese the subject, the higher the metabolic 

rate. Knowing both LBM and fat mass increased the ability to 

predict RMR significantly over the prediction with either 

variable alone. 

There were no significant correlations between the 

within-subject coefficient of variation for RMR and percent 

fat, kg of fat, kg of LBM, or BMI. In other words, the 

amount of within-subject variation in metabolic rate in this 

group of subjects did not vary with body size or composition. 

When RMR was expressed per kg LBM, the more meta-

bolically active cell mass, the results showed subjects of 

varying body composition burning calories at a similar rate. 

When RMR was expressed per kg body weight, the results showed 

subjects burning calories at a significantly different rate. 

Thus, equations recommending Kcals/kg for an estimate of 



81 

energy intake should be used with caution in a sedentary or 

obese population. LBM may be larger in absolute terms in a 

sedentary, obese group, as in this study sample,, but LBM may 

be less as a percentage of body weight when compared to a 

population of more normal body composition. Equations based 

on Kcal/kg might over-predict the amount of active LBM and 

over-predict calorie requirements in an obese population. 

Lastly, a significant difference was found between 

RMR predicted by the Harris-Benedict equation and by RMR 

measured by indirect calorimetry. The mean of the measured 

RMR was 1383 +_ 214 Kcal/day. The mean of the Harris-Benedict 

equation was 1539 + 223; the equation over-predicted RMR by 

11.1%. These findings were in close agreement with studies 

by Feurer et al. (1983) and Daly et al. (1985) on obese and 

normal populations. Daly reviewed fifteen other studies in 

which RMR in subjects was compared to the Harris-Benedict 

equation and found results ranging from -14.1 to 19.1%. 

When Roza and Shizgal compared Harris and Benedicts' 

original data to the equation, they found an accuracy of + 

14%. As noted earlier, when equations are based on weight as 

one of the factors, the percent of LBM may be over-predicted 

in an obese population, thus, over-predicting metabolic rate 

as seen by the results in this study. When equations are 

used to estimate metabolic rate, in populations of varying 

body composition, body composition variables (fat and LBM) 
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would better predict expenditure than using body weight alone 

as a factor. 
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Deliver or mail to: O.N.C.U., Room 4305, University Medical Center, 
1501 N. Campbell Ave., Tucson, Az. 85724 

PRELIMINARY QUESTIONNAIRE 

Name 

Address 

Phone No. 

Age 

(hm) (wk). 

Birthdate 

Occupation_ 

Date 

Circle : Days Evenings Nights 

No. of years of schooling 

Years of Residence in Tucson_ 

Height Weight_ (verbal) 

Recent change in weight ? Yes No 

How much weight lost/gained over what time period_ 

Health Status: Explanation: 

1. Recent illness Yes No 

2. Surgery Yes No 

3. Chronic illness Yes No 

4. Medications (all) Yes No 

5. Do you smoke Yes No 

6. Back Ailments Yes No 

7. Are you pregnant Yes No 

8. Are you breastfeeding Yes No 

9. No. of pregnancies 

10 .Onset of menstruation: age 

11.Length of average menstrual cycle 

12.Length of average menstrual period_ 

_days 

days 

Dietary Habits: 

Do you have (regular) or (varied ) meal pattem(s) 

If regular, No. of meals per day No. of snacks per day 

Have you ever dieted to lose or gain weight? Yes No Which? 

If so, what methods did you try?_ 

With what success_? 

How recently? 

Exercise Habits: 

Do you exercise ? Yes No 

If so, how often? No. of times per week 

What type of activities? 

How often_? How long? 

Do you swim? Yes No 

Feel comfortable pu-tting your head underwater? Yes No 
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SUBJECT INSTRUCTIONS 

Before the test: 

1. Dates of testing will be arranged around the mid-point 

of your menstrual cycle. If any abnormalities in your cycle 

schedule greater than 3 days from predicted dates occurs, please 

inform study personnel. 

2. In the two weeks prior and during testing, follow your nor

mal exercise pattern and avoid excessive extremes t]jat would 

be greater than your usual activity level. 

3. If you begin taking any medication, please inform study 

personnel before the day(s) of the testing. 

4. On the day before testing begins, and during all test days, 

please eat what you normally would; change from your usual 

habits could significantly change test results. 

5. From 7:00 P.M. on the evening before the tests, until the 

time of the tests , you are to eat or drink nothing except 

water. 

Test days: 

1. Allow plenty of time to get to the lab. Allowl-1-1/2 hrs. 

for the test. 

2. Allow for adequate sleep to awake feeling well-rested. 

3. Do the minimum of activity necessary to arrive at the test 

(bathroom necessities.dressing, and transport to the lab). 

Shower or bathe the night before. Facilities are available 

for doing your hair and make-up after the test. 

4. It is preferable if another person is available to drive you 

to the lab if they are available each day; if not, drive your

self, just so your activity is consistent. 

Underwater weighing will be scheduled at a separate time, either 

late in the afternoons or on a Saturday. 
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1. Clothing: Wear swimsuit or lightweight shcrts and top 

2. Swimcaps are discouraged because thay trap air, giving an 
inaccurate reading 

3. We encourage you to practice placing your face underwater and 
blowing air out of your 1«ngs and then counting to five. 
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SUBJECT'S CONSENT 

A Research Project on the Metabolic Expenditure 
of Obese Women and Women of Normal Body Composition 

Purpose and Objectives: To measure oxygen utilization using oxygen 
and carbon dioxide analyzers on obese and normal weight women to esti
mate their caloric expenditure (resting metabolism) and the reliability 
of this measure on repeated tests. To assess body composition, (esti
mate of 7. body fat), underwater weighing will be performed. 

Subject Population: 30 non-pregnant women volunteers , 20 to AO years 
of age, in good health, with varying degrees of body fat will be 
chosen. They need to have fairly regular menstrual cycles. Factors 
or_conditions that could significantly affect the measure of metab
olism would exclude subjects: chronic or very recent illness, surgery, 
pregnancy or lactation, medications affecting metabolism, recent 
smoking history, serious back problems, or being afraid to be immersed 
in water. 

Place: The metabolic testing will be conducted in the Human Performance 
Research Lab in McKale Center on the University of Arizona campus. 
The underwater weighing will be conducted in the Physical Therapy 
Dept. in the University Medical Center. 

Procedures: 
I"! Metabolic expenditure: Oxygen utilization would be measured 
using 02 and C02 analyzers as a subject breaths room air through a 
face mask (removable at anytime) in a rested, fasted state lying on 
her back on a padded examining table for a total of 60 minutes, 
b. Underwater weighing:: Underwater weighing measures body density 
and this measure is used in calculating % body fat. Degree of body 
fat and lean tissue can affect metabolism and will be one criteria 
in subject selection. The subject will be weighed on a chair scale 
in a small pool heated to approximately body temperature. The pro
cedure requires the subject to blow the air from their lungs and hold 
her breath just long enough that a weight can be measured (approxi
mately 5 seconds). Her head will be underwater, just below the surface 
and she can lift her head from the water at any time. This procedure 
will be repeated 10 times in a 15 to 30 minute periods The test will 
be scheduled in the late afternoon. 

Potential or attendant discomforts or risks: 
a"! There are no known risks in the metabolic procedure. 
b. There is a risk of choking on water during the underwater weighing 
procedure. People who are extremely uncomfortable in the water may 
have difficulty completing this procedure. Persons with known heart 
disease, lung disease, or severe hypertension should not participate 
in this procedure. 

Cost/Benefits: There will be no cost to the subject. There will be 
no monetary benefit but the subject will receive specific knowledge 
regarding her metabolic expenditure and. % body fat. 

Confidentiality: Only the author and her graduate advisory £'ofl®dt,:ee 

will have access to records identifying the subject. Published data 
will use initials or numbers instead of names. 

SUBJECT 
COMMITTEE S- A 
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"I have read the above 'Subject Consent.' The nature, demands, risks, 
and benefits of the project have been explained to me. I understand 
that I may ask questions and that I am free to withdraw from the project 
at any time without incurring ill will (or affecting my medical care). 
X also understand that this consent form will be filed in an area desig
nated by the Human Subjects Committee with access restricted to the 
principal investigator or authorized representatives of the particular 
department. A copy of this consent form will be given to me." 

Subject's Signature Date 

Parent or Guardian Date 
(if appropriate) 

I have carefully explained to the subject the nature of the above 
project. I hereby certify that to the best of my knowledge the subject 
signing this consent form understands clearly the naure, demands, bene
fits, and risks involved in participating in this study. A medical 
problem of language or educational barrier has not precluded a clear 
understanding of her involvement in this project. 

Investigator's Signature Date 
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Hydrostatic Weighing Procedure 

The temperature of the water was recorded. It ranged between 
36.6 and 39.5°C. 

The subject stepped into the pool and stood next to the chair. 
The weight of the chair (friraao wt.) was recorded. 

"Care 
The subject assumed a seated position on the chair, with water 
approximately chest high. 

The subject was given instructions to take a deep inspiration 
above water, and then slowly exhale the air to the point of 
maximal expiration while simultaneously lowering her head so 
she was totally submerged. 

The subject was encouraged to do two things: 
a) exhale all the air out of her lungs maximally and 
b) remain motionless underwater long enough to obtain an 

optimal reading. 

A goal of ten trials is optimal. The subjects required a few 
trials for experience so that the heaviest weight may be 
obtained. 
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University of Arizona Human Performance Research Lab Guidelines 
for Residual Volume Determination Procedure 

A. Calibration of the Nitrogen Analyzer (to be done once, before 
testing) 

1. Adjustment of the needle valve on the pickup head 

Turn the needle valve clockwise, or Inward, as far as it 
will go. The nitrogen analyzer readings should decrease 
to a reading of 0.0?. Then, disengage the needle by 
turning it counter clockwise. The reading on the nitrogen 
analyzer will increase, reach a peak, and will then start 
to decrease, e.g., 78.1, 78.2, 78.3, 78.2, 78.1. Reverse 
the direction of the needle valve and stop it at the peak 
or highest reading, e.g., 78.3 in the above example. 

2. Room air calibration 

Turn on the small vacuum/pressure pump approximately 30 
minutes in advance of the calibration procedure. Room air 
will be drawn into a flask which is filled approximately 
half full with water. The room air will bubble through 
this water, saturating it with water vapor, and will exit 
the flask through the tubing which goes directly to the 
sensing or pickup hear. Adjust the gain control knob on 
the front of the nitrogen analyzer to read 76.«J. 

B. Determination of the Residual Volume 

1. Turn on the oxygen cylinder and adjust the needle valve to 
provide a modest flow of oxygen into the bag, which is 
contained inside of an airtight plastic box. Fill the bag 
and then evacuate the bag by pushing on the bell of the 
spirometer. Make certain that the two-way valve is turned 
in a direction that will allow evacuation of the bag. 
Fill the bag a second time and evacuate, and repeat this 
procedure until the nitrogen analyzer is reading 
approximately 0.01 as the contents of the bag are being 
evacuated through the sensing head. At this point, be 
certain that the bag is totally evacuated, and that the 
two-way valve is turned'in a direction that seals off the 
bag. This completes the flushing of the bag, leaving an 
empty bag which is essentially free of nitrogen. 

2. Take a reading of the spirometer from the chart paper on 
the kymograph drum, within an accuracy of + 25 ml. Then, 
once the reading has been taken and recorded, fill the bag 
with the appropriate volume of oxygen. This volume will 
depend largely on the vital capacity of the subject. The 
bag should be almost completely filled for those with 



large vital capacities, and should be filled to about 80S 
of the vital capacity for those with vital capacities of 
5.5 liters and less. Once you have filled the bag to the 
appropriate level, take a second reading and record it. 
The difference between the two readings is the initial 
volume. 

The subject is in a sitting position, inclined slightly 
forward. This position was adopted by the lab to 
approximate the subject's position during the submersion 
in water at maximal exhalation. 

Instruct the subject on test procedures. The subject is 
told that he/she will be breathing through the mouthpiece 
with a nose clip on his nose. The individual is told that 
he/she will then be asked to take a deep inspiration and 
expire as fully as possible. At the very end of the 
maximal expiration, the subject is to signal to the 
Individual conducting the test that he/she has reached 
maximal expiration. This is usually best accomplished by 
having the subject tap the table at the point of maximal 
expiration. He/she is then told to hold his/her breath at 
that point, until the valve is turned which connects the 
subject to the breathing bag. Prior to this time, the 
valve has been turned to a position which allows the 
subject to breath room air. The subject is then 
Instructed to take 5-7 breaths at about 70% of his/her 
vital capacity, or until the bag is almost empty, at a 
rate of approximately one breath/four seconds. Deep 
breaths at a fairly fast rate will allow a more complete 
mixing of the gases in the lungs. As the subject is 
breathing continuously, watch the nitrogen'analyzer 
display. With each breath, the range of nitrogen values 
should decrease until the point of equilibrium, usually 
between the fifth and seventh breath. At the point of 
equilibrium, Instruct the subject to take one last 
inspiration followed by a maximal expiration. The subject 
again is to signal upon attaining maximal expiration, and 
the valve is turned to allow the subject to breath room 
air. The subject then takes his mouth off the mouthpiece, 
removes the nose clip, and relaxes while preparations are 
made to conduct a second trial. 

Nitrogen readings are taken at each of the following 
points: 

a. At the end of the first maximal expiration, just 
prior to turning the valve from room air to the bag. 
This is the initial alveolar nitrogen concentration 
(N2i). 

b. At the point of equilibrium (Nge). 

c. At the end of the final maximal expiration, just 



prior to turning the valve from the bag to room air. 
This is the final alveolar nitrogen concentration 
(N2f). 

Calculate the residual volume as follows: 

RV = (((Bag Volume x N2e)/(N2i - N2f)) - 0.085 x BTPS 
factor where bag volume, N2e, N2i, and N2f are as 
defined above, 0.085 represents the dead space 
between the bag and the subject's mouth inside the 
mouthpiece and valve assembly, and the BTPS factor is 
determined from the following chart to correct the 
volume to standard conditions. 
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PROJECT APPROVAL FORM 
FOR ETHICAL REVIEW OF ACTIVITIES INVOLVING HUMAN SUBJECTS AT RISK 

(MEDICAL, DRUG TESTING, ETC.) 

1 Nancy P. Miniat, R.D. 
·~~~--~----------~--------------Principallnvest ooator 

Obesity Nutrition Consultant Unit 
Family Practice and Community Med. 

Department 

MetaboJjc Ex:penditnres of Qhese Womat:t ond Ha:neiLO.f. Narm11 
Title of Protec t 

Body Composition 

2. SUPERVISING OFFICIAL 
I certify that (1) facilities and personnel are available to the investigator tor assuring the safety and 
well·being of human subjects involved; (2) I will be responsible for continuing surveillance of the 
proposed program with respect to the rights and welfare of human subjects; (3) no procedural 
changes relating to the human subjects involved will be allowed without prior review by the 
University Committee: (4) I am satisfied that the procedures to be used for obtaining informed con· 
sent comply with the spirit and intent of OHHS regulations; (5) I certify that the investigator is fully 
competent to accomplish the goals and techniques stated in the attached proposal: (6) the signea 
consent forms will be filed in the Departmental file and retained for a period of six years. 

·~ c ·-v " o 

Date 

3. ADVISING PHYSICIAN 
(Signature needed only if project involves medical procedures and investigator is n 
physician .) I certify that I am a duly licensed physician of the state of _______ --1-~~::::::-::::--..;;'h 
and that, acting as advising physician, I accept responsibility for any complications to 
jects that may arise from the procedures prescribed therein or used in this project. 

Physic tan Date 

4. DEPARTMENTAL REVIEW COMMITTEE 
Well have examined the proposal cited above, and find that the information contained theretn is 
complete; that the scientific aspects of the project include appropriate provision for prote-cting 
the rights and welfare of the human subjects involved; and that the required forms have been filled 
out prororly in acr.ordancA with tho Institutional Assurance filed hy th" Univer!'\ity of Ari1nn.~ will • 
the U.S. Department of Health and Human Services. 

X.. Minimal risk to human subjects: Human Subjects Committee expedited review requested . 
Possible risk to subjects: Full Human Subjects Committee review recommended. 

__ Subjects at risk: Full Human Su 1ects Committee review required. 

· ~~~t~ou~l~t~~--------------
D•te j J 

5. HUMAN SUBJECTS COMMITTEE 
The proposal above was approved on this date by the Human Subjects Committee. 

Chaorman Date 
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Description of Subjects' Anthropometric Measures 

Subject Age Ht. Wt. Fat LBM Fat LBM 
No. cm kg kg kg % % 

1 37 167.2 57.73 18.51 39.29 32.02 67.98 

2 36 167.4 91.86 41. 62 49.98 45.44 54.56 

3 36 163. 5* 76.20 30.48 45. 32 40.21 59.79 

4 20 164.1 54.52 18.77 35.78 34.40 65.60 

5 34 157.4 45.60 9.52 35.88 20.96 79.04 

6 20 171.8 70.93 21.57 48.83 30.64 69.36 

7 23 156.4 56.40 16.88 39.92 29.72 70.28 

8 33 164.2 50.40 12. 97 37.23 25.84 " 74.16 

9 37 168.3 108.45 49.82 58.88 45.83 54.17 

10 21 175.3 61.30 12.83 48.42 20.95 79.05 

11 21 164.9 60.32 20.05 40.35 33.19 66.81 

12 29 165.4 89.83 43. 52 46.68 48.25 51.75 

13 39 166.8 71.83 30. 55 40.95 42. 73 57.27 

14 26 170.1 106.63 47. 99 59.11 44. 80 55.20 

15 24 167.0 54.1 12. 67 41.83 23. 25 76.75 



Subject Age Ht. Wt. Fat LBM Fat LBM 
No. cm kg kg kg % % 

16 23 163.5 74.03 29. 32 43.97 40.07 59.93 

17 27 162.5+ 91.63 42.95 48.68 46.85 53.15 

18 22 164.1 65.65 26.03 39.67 39.62 60.38 

19 24 162.7 53.86 14.70 39.30 27.22 72.78 

20 20 164.5 76.86 35.36 41.54 45.99 54.01 

21 31 168.0 53.80 13.31 40.39 24.78 75.22 

22 28 1698.7 57.90 17.64 40.66 30.26 69.74 

23 24 170.6 118.60 62.74 55.86 52.90 47.10 

24 37 170.3 90.33 39.58 50.42 43.97 56.03 

25 33 172.5 63.03 18.97 43.93 30.15 69.85 

26 31 172.0 116.40 63.90 53.10 54.61 45.39 

27 27 164.3 124.60 69.82 55.08 55.90 44.10 

28 21 168.3 93.43 45.72 47.78 48.90 51.10 

+ Verbal height; measured height not available 
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