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TECHNIQUES AND PROCEDURES
Should We Still Use the Harris and Benedict
Equations?
DOMINIQUE R. GARREL, MD; NATHALIE JOBIN, MSC; AND LILIAN H. M. DE JONGE, MSC
Department of Nutrition, University of Montreal Medical School and Medical Research Centre of H&ocirc;tel-Dieu Hospital,
Montreal, Quebec, Canada

Correspondence and Reprint Requests: Dominique R. Garrel,
MD, Clinical Research Centre, H&ocirc;tel-Dieu Hospital, 3850 St.
Urbain, Montreal, Quebec, Canada, H2W 1T8.

ABSTRACT: Resting metabolic rate (RMR) is commonly
predicted using the Harris-Benedict (HB) equations, but
an overestimation of 10% to 15% is normally found. More
recent studies have proposed equations with a better
predictive value. In this study, we explore the relation-
ship between measured RMR and HB in 67 healthy
volunteers and in a data set from the literature and

compared measured RMR with six more recent equations.
Mean differences between RMR and HB were 21%, 12%,
10%, and 4% for the lowest to the highest RMR quartile,
respectively, and 20%, 8%, 6%, and -4% for Owen’s
subjects. Among the six recent equations, only the World
Health Organization (WHO) equations predicted RMR
within 10% in 100% of the cases. Our results suggest that
overestimation of RMR by HB is not a homogenous find-
ing but is inversely related to RMR. This may have
important implications for predicting RMR in women and
in patients with diminished lean body mass. In addition,
the WHO equations appear more precise than the HB
equations.

Accurate prediction of energy requirements is
important in clinical situations such as the dietary
treatment of obesity’ and the nutritional support of
clinically or chronically ill patients.2~3 The quantita-
tively largest part of an individual’s energy expendi-
ture is the basal metabolic rate (BMR), which is the
amount of energy needed for the internal mechani-
cal activities and the maintenance of body tempera-
ture.’ This component should be measured in a
thermoneutral environment under both physical
and mental rest. In clinical practice, these condi-

tions are often impossible to obtain, and for this
reason the resting metabolic rate (RMR), which is
subject to less strict conditions, is usually measured.
The RMR represents 65% to 70% of the total daily
energy expenditure and shows little day-to-day varia-
tion, whereas the remaining components of energy
expenditure, the thermogenic response to food, and
the energy expenditure related to physical activity
show a large day-to-day variability and are there-
fore difficult to predict.4 4
The most commonly used equations for the predic-

tion of an individual’s BMR are the equations estab-
lished by Harris and Benedict in 1919, which take
into account gender, age, height, and weight.5 These
equations were validated to be within 5% of mea-
sured RMR in the 1950s,~g but more recent studies
found an overestimation of 6% to 15% when RMR
values as calculated with the Harris and Benedict

equations were compared with values measured by
indirect calorimetry,7,9-21 and large between-person
variations of this overestimation were observed.
Whether this between-person variation is randomly
distributed or related to RMR is not known, which
led us to perform the study described below.

MEASUREMENTS OF RMR IN HEALTHY
INDIVIDUALS

To study more closely the relationship between
the RMR as calculated by the Harris and Benedict
formulas and the RMR as measured by indirect
calorimetry, we compared the two values in a group
of healthy normal-weight volunteers with a seden-
tary lifestyle (<1.5 hours of aerobic exercise per
week). Before entering the study, the subjects un-
derwent a training session to familiarize them with
the testing procedures and to eliminate a stress
effect during the measurements. At the day of test-
ing, the subjects arrived at our laboratory at 7:30~
after being fasted for 12 hours and stayed recum-
bent for 30 minutes. The measurements were started
at 8 AM and lasted for 30 minutes. During the

Correspondence and Reprint Requests: Dominique R. Garrel,
MD, Clinical Research Centre, H6tel-Dieu Hospital, 3850 St.
Urbain, Montreal, Quebec, Canada, H2W 1T8.
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measurements, only the person in charge was present
in the laboratory. Events such as coughing, yawn-
ing, and so on were marked and the value excluded
from the calculations.
The energy expenditure measurements were made

by continuous open circuit indirect calorimetry, us-
ing a ventilated hood system (Deltatrac Metabolic
Monitor, Datex Inc, Helsinki, Finland) as previously
described.22In summary, continuous measurements

of C02 and 02 concentrations in inspired and expired
air diluted in a constant air flow, generated by the
analyzer, were used for the calculation of 02 con-
sumption and C02 production. The accuracy and
precision of the Deltatrac, as measured in our labo-
ratory, were 99% and 2% to 4%, respectively.23 We
also found a within-person variation for RMR of
2.9%.23 The Deltatrac was calibrated with a refer-
ence gas containing 4% C02 and 96% 02 before each
measurement. Calculations of energy expenditure
were made from 02 and Vco2 as recorded during the
last 20 minutes of each 30-minute measuring period
and from urinary nitrogen elimination over a 6-hour
period on the day of the measurement by using the
Weir equation.24
RMRs were estimated by the Harris and Benedict

formulas and by six more recently published formu-
las (Table 1). The predictive value of the equations
was defined as the number of cases where the mea-
sured RMR was within 10% of the value predicted by
using each of the formulas.
We estimated the body composition of our sub-

jects by skinfold measurements at four sites: triceps,
biceps, suprailiac, and subscapular. Body density
was then calculated according to the equations es-
tablished by Durnin and Womersley25 and percent-
age body fat by using the Siri equation.26 Lean body
mass was calculated by subtracting the obtained fat
mass from the total body mass.

RESULTS

The results of 39 men and 28 women were used for
the calculations (Table 2). All subjects had a normal
body mass index (BMI 18.7 to 25.6) and none of them
had a personal or familial history of obesity or
diabetes. None of the women used oral contracep-
tives.
The mean overestimation of the measured RMR

by the Harris and Benedict equations was 11.7%.
When the measured values were divided in quartiles,
the overestimations were 20.6%, 11.5%, 9.5%, and
4.0% for the lowest to the highest quartile, respec-
tively, as is shown in Figure 1A. Similar results were
obtained when we performed the same kind of com-
parisons with the results of the subjects studied by
Owen et all’’n8: 19.8%, 8.1%, 5.9%, and-3.5% for the
lowest to the highest quartile, respectively, and
7.4% for the average of the entire group. (Fig 1B).

The results of the six predictive equations com-
pared with our measured values are presented in
Table 3. The equations of Owen et ap7,18 predicted
our values within a 10% difference in more than 80%
of the subjects, and the equations established by the
World Health Organization 21 (WHO) predicted the
measured RMR in 100% of the cases. With the four
other equations, the percent of predicted values
within 10% of the measured values varied between
28% and 74%. In most of these equations, predicted
values for women were less accurate than for men.

DISCUSSION

The results of our study confirm the findings of an
overestimation of RMR by the Harris and Benedict
equations’, 10-22 and show that an inverse relation-
ship exists between the difference from the Harris
and Benedict equations and the absolute value of
RMR as we measured by indirect calorimetry. This
results in a larger error when estimating resting
energy expenditure in women and in people of small
body size, because both have a lower resting energy
expenditure. One of the most frequently given rea-
sons for the observed differences between measured
values and values derived from the Harris and
Benedict equations is that the equipment used for
measuring the gaseous exchanges is more sophisti-
cated than the equipment used by Harris and
Benedict in the 1920s. Their equipment consisted of
a closed humidified rebreathing circuit in which
expired carbon dioxide was trapped and weighed.
Oxygen consumption was measured by the weight
change of a feeder tank that maintained the oxygen
content within the circuit. In other subjects, oxygen
consumption was determined from the rate of the
decrease of the volume of an oxygen-filled spirom-
eter bell. Either one of the systems involved the use
of a mouth piece and nose clip, which could be
another factor that has been mentioned as a possible
cause for the discrepancy. However, it has been
shown that this method did not have a significant
influence when compared with RMR results as mea-
sured with the ventilated hood method, which was
thought to be more comfortable and less stressful for
the subjects. 28 Another factor that might play a role
is that a considerable change of lifestyle has oc-
curred since 1919 when Harris and Benedict pub-
lished their results. Factors like physical activity
level and dietary habits have an important influence
on RMR and also on fat-free mass and body compo-
sition.4 Because RMR and fat-free mass are highly
correlated, this may be an important cause for the
discrepancy between the values obtained by Harris
and Benedict and more recently obtained results.29
Our results also show that the overestimation of

RMR by the Harris and Benedict equations is not a
homogenous finding but that a high variation be-
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Table 1. Formulas used and examples of calculations (kJ/24 h)

EE, energy expenditure; BMI, body mass index; MRMR, measured resting metabolic rate.

tween individuals can be observed. We found that
the overestimation is higher in persons with a low
RMR when compared with individuals with a higher
RMR and that the same relationship between RMR
and the Harris and Benedict values could be ob-
served in the population studied by Owen et al.17,lS

This finding shows an inverse relationship between
the overestimation of RMR by the Harris and
Benedict equations and the absolute value of RMR.
One of the explanations for this finding could be that
the relationship between RMR and the fat free mass
is not linear but that energy expenditure increases
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Table 2. Characteristics of the subjects

* LBM, lean body mass determined by skinfold measurements at four sites: biceps, triceps, suprailiac, subscapular.

Figure 1. Quartiles of energy expenditure as calculated with the Harris and Benedict equations (HBRMR) and as
measured by indirect calorimetry (MRMR) for our group (A) and for the group of Owen et al (B).

faster with increasing lean body mass in the lower
range than in the upper range. This phenomenon
has earlier been described by Weinsier et al,3° who
made compilation of 31 data sets including 1111
subjects from all age groups. If the Harris and
Benedict equations were derived from subjects with
a higher lean body mass compared with the subjects
of the more recent studies, this would result in a
larger overestimation in persons with low measured
resting energy expenditures compared with persons
with high ones. This would explain why we observed
a higher degree of overestimation in women, be-
cause women generally have a lower body weight
and a higher percentage body fat, resulting in a low
fat-free mass when compared with men. Our obser-
vation was confirmed by analyzing data published
by a different laboratory.17,18 Using these data, we
also found that the error made when predicting
resting energy expenditure with the Harris and
Benedict formulas was greater in subjects with
lower values, particularly women. Indeed, such er-
rors may have important consequences in clinical
practice when predictions of energy needs are made
or when comparisons are made between measured
and predicted values. In this later circumstance, the
term &dquo;hypermetabolism&dquo; is often used for acquired
immunodeficiency syndrome patients3l or cystic fi-

Table 3. Values predicted from five formulas from
the literature and from the Harris and Benedict
formulas, which are within 10% of the measured
values of our subjects

Values are percents ± SE.

brosis patients32 who show a 10% to 20% higher
measured energy expenditure when compared with
predicted values. According to our results, this hy-
permetabolism might be underestimated.
When six recently proposed equations were used

to predict the RMR of our subjects, it was found that
the equations of Owen and the equations estab-
lished by the WHO had better predicting values
than the Harris and Benedict equations, particu-
larly in women. 17,18,26 The WHO equations predicted
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the measured RMR within 10% in all of our subjects.
This excellent predictive value is probably due to the
fact that these equations are based on the results of
more than 11,000 measurements, whereas the oth-
ers are based on much smaller populations. This
suggests that these more recent equations, and in
particular the WHO equations, should be used for
the prediction of resting energy expenditure.
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