Resting Energy Expenditure in Morbid Obesity
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Resting energy expenditure (REE) was measured in 112 morbidly obese adults prior to elective gastric bypass surgery. The
patients studied ranged from 157 to 327% of ideal body weight.
Standard nutritional assessment indices (serum total protein,
albumin, total iron binding capacity, hematocrit, and white
blood cell count) were within normal limits. REE was estimated
by the Harris-Benedict formula using both current weight and
ideal weight. Measured REE was significantly less than expected (p < 0.01) using current weight and significantly greater
than expected (p < 0.01) when ideal weight was used as the
standard. Linear regression analysis between standard indices
that reflect resting metabolic rate in normal adults and measured REE in study patients did not demonstrate sufficient
correlation to be clinically useful in this patient population.
Standard surgical therapy may result in highly variable weight
loss in this population if the wide range of resting energy expenditure and the consequential variability in individual caloric
deficits is not considered. Standard predictors do not identify
those patients likely to be unsuccessful with a given weight
loss regimen.

plications5l9 and the development of protein malnutrition'° in some patients following intestinal bypass procedures, the gastric bypass has become the preferred sur-

gical procedure for the treatment of morbid obesity.
Weight loss following gastric bypass surgery is variable.6'7" 1-13 Most explanations ofthis phenomenon have
focused on the technical perfection of the operative procedure.6'7"' The hypothesis is that a second factor contributing to this variable weight loss may be individual
alterations in energy expenditure. Garrow'4 has noted
reduced metabolic rate in some obese individuals and
Danforth'" has described the inability of some obese
patients to respond to over feeding with the normal increase in resting energy expenditure (REE). Morbidly
obese persons may have marked individual variations
in energy expenditure. When gastric bypass surgery imposes a standard therapy for every patient, this may result in widely different exogenous caloric deficits and
subsequently variable weight loss.
Regardless of the treatment modality employed, successful weight loss requires sustained negative energy
balance, or the maintenance of a daily dietary intake
with fewer calories than are expended over that same
24-hour period. Therefore, the determination of the
optimum caloric intake required to produce a given
degree of weight loss over time is dependent upon an
accurate appraisal of an individual's total daily energy
expenditure.
A popular method for estimating total energy expenditure is to calculate resting energy expenditure from
standard predictor equations and then add an additional
20% increment to account for physical activity. Alternatively, resting energy expenditure may be measured
by indirect calorimetry.
This study investigates the hypothesis that variable
weight loss following gastric bypass surgery may be due
to great variability in caloric deficits generated by the
therapy. Measured resting energy expenditure in morbidly obese adults is examined prior to surgery and com-

T HE PREVALENCE of obesity in the United States varies between 6 and 22% for males and 11 and 46%
for females, depending upon age and income.' 3 The
prognosis for successful weight reduction is poor, particularly for persons who become obese during childhood.4 Treatment techniques have included fasting,
pharmacologic treatment, behavior modification, surgery, physical activity, and group self-help.4
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ond measurement was 1 ± 2% in the males and 2 ± 2%
pared with the best available standards for estimatin the females. When REE was measured in ten cliniing REE.
stable patients at mid-morning and mid-afternoon,
cally
Patients and Methods
the mean per cent difference between measurements was
Resting energy expenditure was measured by a porta- found to be 1 ± 2%.
ble indirect calorimeter (Metabolic Measurement Cart,
Predicted resting energy expenditure was calculated
Beckman Instruments, Anaheim, CA)'6 in 112 morbidly from the Harris-Benedict formula20 using the patient's
obese adults (18 males and 94 females) as part of a rou- current weight and ideal weight.
tine nutritional assessment prior to elective gastric byHarris-Benedict Formula
pass surgery. All patients were either 45 kg or 100%
above their ideal body weight (IBW), had failed at other
Males = 5H + 13.7W + 66 - 6.8A = kcal/day
approaches to weight reduction, and were evaluated by
Females = 1.8H + 9.6W + 655 - 4.7A = kcal/day
a psychiatrist prior to surgery.
All indirect calorimetric measurements of resting enH = height in cm
ergy expenditure were made by a single investigator (IF).
W = weight in kg (current and ideal)
Oxygen consumption (VO2) and carbon dioxide production (VCO2) were determined continuously from
A = age in years
expired air by a polarographic oxygen sensor and inMeasured REE was expressed as a per cent of prefrared carbon dioxide sensor which are integrated with
REE for each patient. Differences between meadicted
a programmable calculator. The instrument has been
and
sured
expected REE were analyzed by the paired
evaluated during exercise testing'7 and during a wide
t-test.2'
Student's
variety of circumstances simulating physiologic condiLinear regression analysis was performed to describe
tions,'8 and its measurements were found to be within
the
relationship between estimated and measured REE.
±1.5% of known values for respiratory quotient.'8
In
a
further attempt to include an obesity factor, mulGas exchange was measured with the patient resting
tiple
regressions with estimated REE and per cent ideal
supine in bed, greater than two hours following a meal,
body
weight (% IBW) as the independent variables were
in the morning or afternoon. Expired air was collected
also
Finally, linear regressions with height,
performed.
using a noseclip and nonrebreathing valve. Continuous
and
per cent IBW as the independent variweight,
age,
measurements of Vo2 and VCO2 were computed at oneREE the dependent variable were
measured
ables
and
minute intervals. These measurements were then apin
to describe a predictor of resting
an
calculated
attempt
plied to the abbreviated Weir formula'9 to determine
for
obese patients.
morbidly
energy
expenditure
resting energy expenditure in kcal/min.
Abbreviated Weir Formula
Results
=
+
1.
(VCO2) kcal/min
3.9(VO2)
The patients studied were in generally good health,
but markedly obese. The mean age for the males was
Vo2 = oxygen consumption in L/min
37 ± 10 years and 40 ± 10 years for the females. The
VCO2 = carbon dioxide production in L/min
mean body weight was 146.0 ± 25.6 kg for the males
and 125.2 ± 23.6 kg for the females, representing a range
Measurement of gas exchange continued for a period
of five to 15 minutes until evidence of equilibration or of 157 to 326% IBW (Table 1). Standard nutritional
"steady state" was demonstrated by five consecutive sta- indices such as serum albumin, total protein, total iron
binding capacity, total lymphocyte count, hematocrit,
ble determinations of V02 and VCO2. Only the mean
values for the equilibrated data points were used in the and white blood cell count were within normal ranges.
Measured resting energy expenditure was significantly
final calculation of REE. The reproducibility of such
different from expected values (p < 0.01) for the males
measurements has been demonstrated at this institution.
and females when predicted REE was calculated using
was
measured
twice
within
Resting energy expenditure
either current weight or ideal weight (Table 2). When
one hour in 26 healthy subjects (nine males and 17 feREE was calculated from current weight, measured restmales). The mean per cent change from the first to sec*

TABLE 1. Patients Studied

*

Age*

Height*

Weight*

Sex

N

(years)

(cm)

(kg)

(%)

Males
Females

18
94

36.5 ± 10.4
39.8 ± 9.6

175.4 ± 7.0
162.5 ± 12.33

146.0 ± 25.6
125.2 ± 23.6

211 ± 35
221 ± 43

Mean ± SD.

IBW*

Patients ranged from 157 to 326% of ideal body weight.
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TABLE 2. Measured and Predicted Resting Energy Expenditure
Measured*

Expected (kcal/day)*

*

Measured (% Expected)*

Sex

Current Wt.

Ideal Wt.

(kcal/day)

Current Wt.

Ideal Wt.

Males
Females

2610 ± 421t
1953 ± 254t

1666 ± 130t
1289 ± 89t

2274 ± 301
1751 ± 291

88.4 ± 15.0
89.5 ± 16.9

120.0 ± 39.9
138.6 ± 22.3

Mean ± SD

t p < 0.01

vs.

Measured REE was significantly less than expected with current
weight as the standard and significantly greater than expected with
ideal weight as the standard.

measured.

ing energy expenditure was 88.4 ± 15.0% and 89.5
± 16.9% of expected for the males and females, respectively. When resting energy expenditure was calculated
using ideal weight, measured REE was 120.0 ± 39.9%
and 138.6 ± 22.3% of expected for the males and females. Thus, actual resting energy expenditure was significantly less (p < 0.01) than predicted when current
weight was used with the Harris-Benedict formula and
significantly greater (p <0.01) than predicted by the
Harris-Benedict formula when ideal weight was used in
the calculation. Individual variation in resting energy
expenditure ranged from 57% to 135% of expected when
the standard was calculated from current weight, with
only 39% of the patients being within ± 10% of expected
REE (Fig. 1). Resting energy expenditure ranged from
95% to 194% of expected when the standard was calculated from ideal weight with only 13% of the sample
being within ± 10% of expected REE (Fig. 2).
35
30

Linear regression analysis (Table 3) showed statistically significant correlations in some instances, but a
sufficient amount of the variance in measured REE
could not be attributed to the independent variables for
the equations to be clinically useful. Multiple regression
analysis with height, weight, age, and per cent ideal
weight as the independent variables showed little linear
relationship between those indices and measured REE
(r = +0.22, N.S.).
Comments
Resting energy expenditure reflects the metabolic rate
of the metabolically active cells of the body. This body
compartment has been described by Moore as the body
cell mass: the oxygen-exchanging, potassium-rich, glucose-oxidizing work-performing tissue.22 The body cell
mass equals total weight minus adipose tissue, extracellular fluid, skeleton, and connective tissue. Traditionally, a constant relationship is thought to exist between resting energy expenditure and a unit of body cell
mass.22 More recently, however, investigators have
shown alterations in energy expenditure per unit body
cell mass in malnourished patients23 and in patients with
gynecologic malignancies.24
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FIG. 1. Distribution of Measured Resting Energy Expenditure. Only
39% of the morbidly obese patients studied had measured resting energy expenditures that were within ± 10% of expected when the standard was calculated from current weight. This contrasts markedly with
Boothby's data (DuBois EF. Basal Metabolism in Health and Disease.
3rd Ed. Philadelphia:Lea and Febiger, 1936), which showed 92% of
the normal, healthy volunteers studied to have metabolic rates within
± 10% of expected values.
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FIG. 2. Distribution of Measured Resting Energy Expenditure. Only
13% of the obese patients studied had measured resting metabolic rates
within ± 10% of expected values when the standard was calculated
from ideal weight and the Harris-Benedict formula. In contrast, 92%
of Boothby's normal adults were within ±10% of predicted resting
energy expenditure.
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compartment comprising 50% (79.7 kg) of total weight

TABLE 3. Expected Vs. Measured REE

Regression Equation

Sex
Males
Females
Males
Females

REE
REE
REE
REE

Ann. Surg * January 1983

r

p

0.42 N.S.
0.42 <0.01
= 1332 + 2.12(%IBW) + 0.19(REEp) 0.46 N.S.
= 824 + 1.09(%IBW) + 0.35(REEp) 0.43 <0.01
= 1487 + 0.30(REEp)
= 817 + 0.48(REEp)

REE = Measured resting energy expenditure (kcal/day).
REEp = Estimated resting energy expenditure from Harris-Bene-

dict using current weight (kcal/day).
% IBW = % ideal body weight.
Linear regression analysis showed statistically significant relationships between standard indices and measured REE for the females,
however a sufficient amount of the variance in REE could not be
accounted for by the independent variables for the equations to be
clinically useful. Relationships between the same indices and measured
REE were not significant for the male sample.

Predictive equations estimate resting energy expenditure from indices (height, weight, age, and sex) that
reflect body cell mass size in healthy individuals with
normal body composition. If these indices do not truly
reflect the amount of metabolically active tissue in a
given group of patients, or a linear relationship between
REE and the amount of metabolically active tissues does
not exist, the predictive equation will not be accurate
and appropriate for that group of patients.
In addition, the conditions under which a predictor
was developed should be considered when it is applied.
The Harris-Benedict formula was developed on 136
healthy normal males and 103 healthy normal females.
The subjects fasted for 12 hours, traveled to the monitoring center, and rested for a half hour before measurements of gas exchange were made. Multiple linear
regression analyses using Harris-Benedict's original data
showed correlation coefficients of +0.77 for the male
subjects and +0.54 for the females. Although this predictor is frequently considered to be an estimator of
basal energy expenditure, it was not developed under
the measurement conditions for basal energy expenditure described by Wilmore,25 i.e., measurement within
a half hour of waking, in a darkened room, following
a 12-hour fast. It more closely adheres to the conditions
of resting energy expenditure (which may be measured
at any time of day). It is appropriate to compare measured REE with the predicted REE (Harris-Benedict
formula) from the standpoint of the similarity of measurement conditions employed. However, its applicability to significantly overweight patients is questionable
as there were no such subjects in the Harris-Benedict
developmental population.
Moore describes the body composition of a normal
healthy individual to be 12 to 20% total body fat and
35 to 45% body cell mass.22 For a 70-kg man, this represents a total body fat compartment of 8.4 to 14.0 kg
and a body cell mass of 24.5 to 31.5 kg. Shizgal has
found morbidly obese patients to have a total body fat

(148.6 kg) and a body cell mass compartment that comprises 22% (33.0 kg) of body weight.'0 These values are
significantly different from his normal controls'0 and
from the values described by Moore.22 Morbidly obese
persons clearly have abnormal body composition.
These data indicate that the resting energy expenditure of morbidly obese persons cannot be estimated accurately by the Harris-Benedict formula. In addition,
linear regression analyses indicate that there is no simple
factor which adjusts for these observed differences, nor
does the inclusion of an index describing degree of obesity (% IBW) provide a correction with sufficient sensitivity and specificity for clinical use. The fact that no
statistically significant linear relationship was observed
between height, weight, age, per cent IBW, and measured REE indicates that these indices alone are not
adequate reflectors of the metabolically active compartment in morbidly obese individuals. In general, the
Harris-Benedict predictors do not reflect the resting energy expenditures of morbidly obese adults and, therefore, cannot serve as the basis for estimating total daily
energy expenditure in this population.
Investigators have described significant but variable
weight reduction in the first year following gastric bypass
671,11-13
There may be a plateau in weight loss," 1
surgery.'
or a gradual increase in weight following the first postsurgical year.6 Even though a standard surgical intervention with its accompanying decreased caloric intake
was employed, weight loss is variable. The wide range
of measured resting energy expenditure observed in this
study may contribute dramatically to the eventual magnitude of weight loss obtained by obese persons via any
standard weight loss regimen.
The variability of weight loss after gastric bypass is
often attributed to technical imperfections of the operative procedure: the pouch was too big, the anastamosis
too large, etc. In fact, such differences in weight loss can
readily be explained by the variability of metabolic rates
in this population. A caloric deficit of approximately
1 100 kcal/day would be required to produce a 45 kg
TABLE 4. Hypothetical Range of Weight Loss

Patient A Patient B

Estimated energy expenditure
(kcal/day)
Measured energy expenditure
(kcal/day)
Total caloric intake (kcal/day)
Daily caloric deficit (kcal)
Annnual caloric deficit (kcal)
Annual fat weight lost (kg)

1,900
1,900
700
1,200
438,000
48.7

1,900
2,550
700
1,850
675,250
75

Patient C
1,900
1,150
700
450
164,250
18.3

Three patients receiving identical therapy (gastric bypass surgery
followed by 700 kcal/day intake) could demonstrate drastically different degrees of weight loss after one year due solely to individual
differences in REE.
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(100 lb) weight loss in one year, if all weight were lost
from the adipose tissue compartment; (9000 kcal = 1
kg fat). This 45-kg adipose tissue loss requires a 405,000
kcal/year deficit (1110 kcal deficit/day). Preliminary
data from this institution indicate that these patients
ingest approximately 700 kcal/day after the initial postoperative convalescence and adaptation following gastric bypass surgery.
Assuming metabolic rate to be constant over time, an
individual with a measured energy expenditure of 1900
kcal/day would generate a caloric deficit of 1200 kcal/
day or 438,000 kcal/year. This translates into a 48.7 kg
(107 lb) weight loss in a year if it is assumed only fat
is lost. These calculations are summarized for patient
A in Table 4. Patient A had a measured REE within
± 10% of expected as did 39% of patients in this study.
As can be seen in Figure 1, 8.9% of patients had measured resting energy expenditures > 10% above expected.
Patient B is in this category with an expected REE of
1900 kcal/day but an actual measured REE of 2550
kcal/day. Assuming the same constancy of metabolic
rate and caloric intake, patient B will lose 75 kg (165
lb) of fat in a year. Patient C (Table 4) represents the
reverse situation. This patient had an actual measured
energy expenditure <90% of expected (1150 vs. 1900
kcal/day) as did 51.8% of patients in this study. With
only a 450 kcal daily deficit, patient C will only lose
18.3 kg (40.2 lbs) of fat in a year.
These three patients illustrate that if one estimates
energy expenditure (1900 kcal/day), applies a standard
therapy (gastric bypass) that results in a standard caloric
intake (700 kcal/day) and a standard caloric deficit (1200
kcal/day), the resultant fat weight loss may vary fourfold ( 18.3-75 kg) merely because of differences in actual
energy expenditure. Morbidly obese individuals of the
same age, sex, height, and weight will have identical
predicted energy expenditures (Harris-Benedict equation), but their actual metabolic rate may vary from 55
to 135% of expected rate.
Clinical application of a standard therapy designed
to reduce caloric intake and increase the caloric deficit
will result in considerably variable weight loss in morbidly obese adults unless the wide range of actual resting
energy expenditure in these patients is considered. Available predictive equations do not accurately estimate true
resting energy expenditure in this population and cannot
be used to rationally design a weight loss regimen. In
view of the inability to generate a valid predictive equation for the morbidly obese, measuring energy expenditure is the only viable alternative.
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