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Background & aims: Estimates of energy requirements, based on measured or predicted resting energy
expenditure (REE), are needed to avoid undernutrition or overnutrition (and their clinical consequences)
in elderly subjects. The aims of this systematic review were to evaluate the prediction accuracy of REE in
healthy elderly subjects and to ascertain which equation is more reliable at group level and/or individual
level.
Methods: Studies assessing prediction of REE in general elderly population were systematically searched
using PubMed, EMBASE, Web of Science and CINAHL until March 2020. Prediction accuracy of REE was
assessed at both group (bias) and individual (precision) level for each equation.
Results: Fourteen studies met the inclusion criteria of this systematic review. Bias was reported in 8
papers and calculated in another 5 from absolute values. There was a prevalent tendency towards an
overestimation of REE across the studies. The least bias was observed for the Mifflin (�0.3%) and Harris
eBenedict (þ2.6%) equations, with values above 5% for the FAO/WHO/UNU, Fredrix and Muller equations.
Precision widely varied between studies for the same equation. The higher precision was observed using
the HarriseBenedict equation (~70%), while the Henry and Mifflin equations provided estimates within
10% of measured values in 65% and 61% of elderly individuals, respectively.
Conclusions: None of the prediction equations considered provides accurate and precise REE estimates in
healthy older adults. However, the best prediction is given by the Mifflin equation at group level and by
the HarriseBenedict equation at individual level. Further studies with strong quality design are needed
to evaluate the variability and accuracy of REE in the elderly general population.
© 2020 The Author(s). Published by Elsevier Ltd. This is an open access article under the CC BY-NC-ND

license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
1. Introduction

Due to increasing in life expectancy, more attention is paid to
the energy and nutrient requirements of elderly subjects, i.e. in-
dividuals aged 60e65 years or older [1,2]. The knowledge of energy
requirements is essential to avoid undernutrition or overnutrition
and for the targeted nutritional support of both healthy elderly
people and those who are frail, malnourished, sarcopenic or
affected by chronic diseases such as heart failure, stroke, chronic
obstructive pulmonary disease, etc. [3,4].

Energy requirement is defined as the amount of energy needed
to balance energy expenditure, with some adjustments for specific
metabolic demands or excess body fat and is therefore based on
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measures of total energy expenditure (TEE). Energy needs decline
gradually with aging due to a decrease in both resting energy
expenditure (REE) and physical activity level (PAL). Indeed, REE is
by far the largest component and the most important determinant
of TEE not only in adults but also in elderly people [4]. Generally, in
public health and clinical nutrition, energy requirements are
routinely calculated by multiplying estimated or measured REE
plus physical activity and disease coefficients [1].

Although REE can be efficiently measured by indirect calorim-
etry, the cost of equipment, the time required for the measurement
as well as the need of specific experience and skills have limited the
use of this technique to specialized settings [1,5]. As an alternative,
predictive equations based on demographic, anthropometric and/
or body composition variables and derived fromhealthy individuals
are applied in public health nutrition and in the clinical setting to
estimate REE in population groups, groups of subjects or single
individuals [5].
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So far, a small number of predictive equations for REE have been
developed for elderly people (age >60 years) such as the Schofield
[6] and the FAO/WHO/UNU equations [7] from data retrieved all
over the world (but small samples), and the Henry one [8] in a
much larger sample, again from different countries. In addition, the
Fredrix [9] and the Luhrmann [10] equations were generated and
validated for healthy aged people in single center studies. Besides,
the equations developed for the general population such as the
HarriseBenedict (HB) [11] and Mifflin [12] equations are frequently
applied in subjects aged >60 years. The accuracy of predictive
equations in elderly is therefore questioned, mainly because the
commonly used formulas developed in the healthy adult popula-
tion may result unsuitable in subjects age >60e65 years [4]. Facing
this background and considering some more recent papers pub-
lished on the issue in the last decade [15e20], we implemented a
systematic review aiming: 1) to evaluate the prediction accuracy of
REE in healthy elderly subjects and 2) to assess which of the vali-
dated equations gave the best results at both group and/or indi-
vidual level.

2. Materials and methods

A systematic review of the literature was undertaken in accor-
dance with the Preferred Reporting Items for Systematic Reviews
and Meta-Analyses (PRISMA) guidelines [21].

2.1. Search strategy

The following electronic databases were queried using a com-
bination of search terms until the 4th of March 2020: PubMed,
EMBASE, Web of Science and Cumulative Index to Nursing and
Allied Health Literature (CINAHL). The construction of the search
strategy was performed using database specific subject headings
and keywords. Both medical subject headings (MeSH) and free text
search terms were employed in different databases. The search
strategy was performed using the combination of the following
terms (resting energy expenditure OR resting metabolic rate OR
basal metabolic rate OR basal energy expenditure) AND (elderly OR
older subject) AND (prediction equation OR predictive equation).

The limits for search included data from aged participants and
human subjects, whereas no filters were applied for study design
and publication date. The search strategy was implemented by
hand searching the references of all the included studies and sys-
tematic reviews or meta-analysis on the field.

2.2. Eligibility criteria and study selection

The eligibility of the studies was set according to the PICOS
(Population, Intervention, Comparison, Outcomes, and Study
design) criteria and reported in Fig. 1.

Two authors (I.C., L.S.) separately screened abstracts for their
inclusion or exclusion; retrieving full text articles from potentially
relevant abstracts. Any disagreement about inclusion was resolved
by discussing with a third review author (M.M.).

We selected studies with the following characteristics: 1)
including subjects aged �60 years in good health (or defined “free
from illness and disease”); 2) comparing predicted REE (PREE) with
measured REE (MREE) by indirect calorimetry or other validated
methods (metabolic cart or other measurement of oxygen uptake
and carbon dioxide production using externally calibrated equip-
ment); 3) reporting a detailed description of standardized condi-
tion adopted before performing the measurement such as an
overnight fasting and bed rest before the measure; and 4) showing
data on REE accuracy at the group level and/or at the individual
level.
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Studies were excluded for the following reasons: 1) inclusion of
acutely ill patients (including mechanically ventilated patients) or
with diseases such as thyroid dysfunction, diabetes mellitus, hy-
pertension, psychiatric diseases and cancer that might influence
metabolic rate; 2) exclusive enrollment of subjects with overweight
and/or obesity; 3) the use of specific medications known to affect
REE; 4) the employment of predictive methods for estimating en-
ergy expenditure (e.g. calculated from accelerometry, heart rate
monitoring) or equipment that had not been externally calibrated
(e.g. hand-held devices).

2.3. Data extraction and analysis

Two authors (I.C., L.S.) independently examined key participant
characteristics and reported data from papers which met the in-
clusion criteria using standard data extraction templates. From
each included study, the following information were extracted: 1)
first author name and year of publication; 2) study design and aims;
3) inclusion and exclusion criteria of participants; 4) number of
subjects; 5) age, gender and body mass index (BMI) of participants;
6) REE measurement and type of calorimeter used; 7) predictive
equations used for estimating REE and 8) data on REE accuracy at
the group and/or at the individual level. Specifically, as measure of
accuracy at the group level was used the average percent difference
between PREE and MREE, i.e. bias. While the percentage of patients
with a PREE within ±10% of MREE was adopted as a measure of
accuracy at the individual level or precision.

To simplify calculation of accuracy prediction, equations were
excluded from the analysis if they were evaluated by fewer than
three studies. However, a table of all equations used by included
studies was made from the original publications and reported in
the supplementary material (Table S1). The authors of original
papers that met the inclusion criteria were contacted if any clari-
fication about the data was required. For each selected study, re-
sults were reported for the entire populations as well as, if possible,
for male/female subgroups. Data on accuracy at group level (bias)
and/or at individual level (precision) were summarizedmanually to
allow for analysis by participants, which took account of the
number of subjects in the group by weighting mean values, and by
study groups (without any adjustment), as previously done [22,23].

2.4. Risk of bias assessment

The validity of studies was independently assessed by two au-
thors (I.C., L.S.) using the “Quality Assessment Tool for Observa-
tional Cohort and Cross-Sectional Studies” developed jointly by
methodologists from the National Heart, Lung and Blood Institute
(NHLBI) and Research Triangle Institute International [24]. The
tools included fourteen items for assessing potential flaws in study
methodology, including sources of bias (e.g., patient selection,
performance, attrition, and detection), confounding, study power,
and other factors. A judgment of “good” indicated a low risk of bias,
“poor” indicated a significant risk of bias and “fair” meant that the
study was susceptible to some bias deemed not sufficient to
invalidate its results. The possible disagreements were resolved by
consensus, or with consultation with a third author (M.M.).

3. Results

3.1. Description of the studies included

The initial literature search identified 2196 records. After
removing duplicates, 483 records were screened for titles and ab-
stracts, and then, after excluding articles not meeting the inclusion
criteria, 64 full papers were assessed for eligibility. After further



Fig. 1. PICOS criteria for inclusion and exclusion of studies.
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analysis and quality assessment, a total of 14 studies met the in-
clusion criteria for this systematic review (Fig. 2).

All identified studies had an observational/cross-sectional
design, and the main characteristics are shown in Table 1. Data
relative to group of participants with obesity [16] or assessing TEE
[25] or derived from alternative methods for measuring REE [26]
were not considered, because not pertinent to the aims of this
review.
Fig. 2. Flow diagram of the l
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3.2. Characteristics of the studies

The accuracy of predictive equations was reported by studies
including between 20 and 335 elderly subjects. In Table 1 was
indicated that ten studies recruited both males and females, while
two only females [19,27] and two only males [18,25]. All studies
enrolled elderly individual with no physical disabilities and no
evidence of diseases known to affect energy expenditure or mental
iterature search process.



Table 1
Characteristics of the included studies.

Author, year,
[ref]

Study design Participants N Age (years) Gender M/F BMI (kg/m2) REE measurement
(equipment used; fast; rest;
measurement time)

Measured REE
(Kcal/die)

Fredrix et al.
(1990) [9]

Cross-sectional Healthy elderly
volunteers
Age 51e82 y
BMI ¼ 21e31 kg/m2
Stable body weight
Absence of mental and
metabolic diseases

40 M ¼ 63 ± 8
F ¼ 66 ± 7

18/22 M ¼ 26.4 ± 2.4
F ¼ 25.5 ± 2.6

Mijnhardt Servomex
metabolic cart; 10-h
overnight fast; 30 min rest;
30 min measurement.

REE ¼ 1512 kcal/d
M ¼ 1733 kcal/d
F ¼ 1330 kcal/d

Fuller et al.
(1996) [25]

Cross-sectional Free-living elderly men
Age 76-88y
Absence of mental and
metabolic diseases
Adequate physical
capacity

23 Median ¼ 82 23/0 24.8 ± 3.0 Deltatrac™MBM- 100; fast,
rest and time measurement
not specified.

M ¼ 1433 kcal

Itoi et al.
(2017) [17]

Cross-sectional Community-dwelling
elderly subjects
Age 64e78 y
BMI ¼ 17e27.5 kg/m2
No evidence of disease
or prescription
medications known to
affect REE
No history of alcohol
abuse

32 73.9 ± 6.2 14/18 22.2 ± 2.5 Minato Medical Science
metabolic cart; 12-h
overnight fast; 20 min rest;
30 min measurement.

REE ¼ 1132 kcal/d

Karlsson et al.
(2017) [18]

Cross-sectional Octogenarian men
Age �82y
BMI¼ 22.2e32.5 kg/m2
Not specified

22 82.6 ± 0.3 22/0 27.0 ± 2.8 DeltaTrac II; 12-h overnight
fast; 15e20 min rest;
15e30 min measurement.

M ¼ 1440 kcal

Khalaj-Hedayati
et al. (2009) [26]

Cross-sectional Free-living elderly
subjects
Age 61e83 y
BMI¼ 22.3e31.3 kg/m2
Nonsmoker
Adequate physical
capacity
Absence of metabolic
diseases

50 M ¼ 68.4 ± 4.1
F ¼ 68.6 ± 4.7

24/26 M ¼ 26.2 ± 2.59
F ¼ 25.7 ± 3.49

Vmax Spectra 29n
Sensormedics; overnight
fast;
10 min rest; 30 min
measurement.

M ¼ 1558 kcal*
F ¼ 1227 kcal*

Luhrmann et al.
(2002) [10]

Cross-sectional Free-living elderly
subjects
Age 60e85 y
Adequate physical
capacity
No evidence of diseases
known to affect REE

285 M ¼ 66.9 ± 5.1
F ¼ 67.8 ± 5.7

106/179 M ¼ 26.3 ± 3.1
F ¼ 26.4 ± 3.7

Deltatrac™MBM-100; fast
and rest not specified;
25e35 min measurement.

M ¼ 1633 kcal*
F ¼ 1315 kcal*

Luhrmann et al.
(2004) [31]

Cross-sectional Free-living elderly
subjects
Age 60e85 y
BMI¼ 18.3e40.1 kg/m2
Adequate physical
capacity
No evidence of diseases
known to affect REE

335 M ¼ 67.4 ± 5.4
F ¼ 67.7 ± 5.5

130/225 M ¼ 26.7 ± 3.2
F ¼ 26.7 ± 3.9

Deltatrac™MBM-100; fast
and rest not specified;
25e35 min measurement.

M ¼ 1661 kcal*
F ¼ 1334 kcal*

Melzer et al.
(2007) [28]

Cross-sectional Healthy elderly
subjects
Age 70e98 y
Adequate physical
capacity
No evidence of diseases
known to affect REE

119 M ¼ 78.4 ± 5.6
F ¼ 78.6 ± 5.3

64/55 M ¼ 26 ± 7.31
F ¼ 25.5 ± 5.0

Deltatrac II Metabolic
Monitor; overnight fast;
30 min rest; 30 min
measurement

REE ¼ 1370 kcal
M ¼ 1462 kcal
F ¼ 1139 kcal

Nhung et al.
(2007) [30]

Cross-sectional Healthy elderly
subjects
Age 60e70 y
BMI ¼ 18.5e24.9kg/m2
No evidence of any
metabolic or mental
diseases known to
affect REE

75 M ¼ 65 ± 4.0
F ¼ 66.5 ± 4.6

35/40 M ¼ 22.9 ± 2.04
F ¼ 21.9 ± 1.8

Oxycon Delta metabolic
cart; 12-h overnight fast;
30 min rest; > 15 min
measurement

M ¼ 1361 kcal*
F ¼ 1142 kcal*

Noreik et al.
(2014) [16]

Cross-sectional Healthy elderly
subjects divided in 2
groups:
BMI 21e28.9 kg/m2
BMI > 29kg/m2 Age
�65 y

20
20

82.1 ± 6.6
79.8 ± 8.1

9/11
5/15

24.9 ± 2.5
33.7 ± 4.5

Vmax Spectra 29,
Sensormedics; overnight
fast;
30 min rest; > 10 min
measurement

REE ¼ 1315 kcal
REE ¼ 1526 kcal

(continued on next page)
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Table 1 (continued )

Author, year,
[ref]

Study design Participants N Age (years) Gender M/F BMI (kg/m2) REE measurement
(equipment used; fast; rest;
measurement time)

Measured REE
(Kcal/die)

Absence of metabolic
and mental diseases
Sufficient physical
capacity

Reidlinger et al.
(2015) [29]

Cross-sectional Healthy elderly
subjects
Age >70 y
No evidence of any
metabolic or mental
diseases known to
affect REE

34 M ¼ 74 ± 3.4
F ¼ 75.6 ± 5

14/20 M ¼ 27.7 ± 2.2
F ¼ 24.7 ± 3.2

Europa GEMmetabolic cart;
overnight fast;
30 min rest; 30 min
measurement

REE ¼ 1253 kcal
M ¼ 1415 kcal
F ¼ 1139 kcal

Sgambato et al.
(2019) [19]

Cross-sectional Healthy elderly women
Age 60e97 y
BMI¼ 17.3e39.9 kg/m2
No evidence of any
metabolic or mental
diseases known to
affect REE

79 69.7 ± 6.5 0/79 27.2 ± 4.6 Vmax Encore29,
Sensormedics; 12-h
overnight fast; 15 min rest;
25 min measurement

F ¼ 1001 kcal*

Siervo et al.
(2014) [15]

Cross-sectional Healthy elderly
subjects
Age 60e94 y
BMI¼ 18.1e48.1 kg/m2
No evidence of diseases
known to affect REE
Absence of weight
changes (±5 kg) in the
last year

68 74.4 ± 9.3 13/55 26.3 ± 5 Vmax 29 Sensormedics;
overnight fast; rest not
specified; 30e40 min
measurement

REE ¼ 1298 kcal
M ¼ 1654 kcal
F ¼ 1214 kcal

Taaffe et al.
(1995) [27]

Cross-sectional White elderly women
Age 60e82 y
BMI¼ 18.9e39.4 kg/m2
Apparently healthy and
free of systemic disease
and metabolic
disorders known to
affect REE.

116 67.1 ± 4.4 0/116 26.7 ± 4.2 Douglas bag metabolic cart;
10-h overnight fast; rest
not specified; > 10 min
measurements

F ¼ 1285 kcal

Data are expressed as mean ± standard deviation, unless otherwise specified. BMI¼ bodymass index; F¼ females; M¼males; REE¼ resting energy expenditure; y¼ year.
* Transformed in kcal.
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or neurological disorders. However, no information in this regard
was available in the paper by Karlsson et al. [18].

As reported in Table 1, most subjects aged�60 years, with some
exceptions: two studies [28,29] enrolled individuals aged�70 years
and one [18] included only octogenarians, while in the study by
Fredrix et al. [9] the age of participants varied between 51 and 82
years.

Mean BMI of participants ranged from 22.2 to 27.7 kg/m2

(Table 1). In the study by Nhung et al. [30] subjects had a BMI
18.5e24.9 kg/m2, whereas in the others papers, BMI showed a huge
variability, varying from normal weight to overweight/obesity or
even severe obesity [15,19,27]. In other words, elderly subjects with
normal-weight, overweight and obesity were included in most
study samples.

Finally, studies considered in the present review were per-
formed in different countries: 4 in Germany [10,16,26,31]; 3 in UK
[9,25,29], and one each in Italy [15], Sweden [18], Switzerland [28],
USA [27], Brazil [19], Vietnam [30] and Japan [17].

3.3. Risk of bias

The risk of bias is reported in the supplementary material
(Table S2). Quality rating was fair for many studies, most of them
being at moderate risk of bias. Overall, the sample size was small
without being justified, and some differences emerged in the
assessment of REE prediction and data reporting. Two studies
[18,29] were rated as poor with a significant risk of bias (less than
50% of eligible people participated in the study), whereas four
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studies had an overall good quality rating [10,26,30,31]. It should be
highlighted that some questions, included in this study quality
assessment tool, cannot be applied for cross-sectional, due to the
type of study design.

3.4. Resting energy expenditure

In all the studies selected for this review, indirect calorimetry
was performed for measuring REE according to the following
standardized conditions: i) overnight fast (at least 10e12 h); ii) bed
rest from 10 until 30 min before starting the measurement and iii)
measurement of energy expenditure after an adjustment period for
10e15 min [16,27,30] until 30e40 min [9,10,15,17,18,26,28,29,31],
discarding the first 5e10 min from the analysis. The metabolic carts
with canopy system were: Deltatrac [10,18,25,28,31], Minato
Medical Science [17], Mijnhardt Servomex [9], Vmax SensorMedics
[15,16,19,26], Oxycon Delta [30] and Europa GEM [29]. In the study
by Taaffe et al. [27] REE was determined by indirect calorimetry but
expired air was collected using Douglas bags.

3.5. Prediction accuracy

As reported above, to make more reliable the evaluation of
prediction accuracy across the studies, only the equations
assessed in at least three studies were selected for this systematic
review (Table 2). They were those derived from the general pop-
ulation such as the HB [11], Mifflin [12], Muller [32] and Owen [33]
equations as well as those specifically developed for the elderly



Table 2
Predictive equations for resting energy expenditure (REE) evaluated for accuracy by studies included in the systematic review.

Equations developed for the general population Study evaluating accuracy

At group level At individual level

Harris Benedict 1919 Fredrix et al. [9], Itoi et al. [17], Khalaj-Hedayati
et al. [26], Melzer et al. [28], Noreik et al. [16],
Reidlinger et al. [29], Siervo et al. [15], Fuller
et al. [25], Luhrmann et al. [31], Sgambato et al.
[19], Taaffe et al. [27].

Itoi et al. [17], Khalaj-Hedayati et al. [26],
Karlsson et al. [18] Melzer et al. [28], Reidlinger
et al. [29], Siervo et al. [15].

Male REE (kcal) ¼ 13.7516 � BW þ 5.0033 � H
(cm) e 6.7550 � age þ 66.4730

Female REE (kcal) ¼ 9.5634 � BW þ 1.8496 � H
(cm) e 4.6756 � age þ 655.0955

Mifflin 1990 Itoi et al. [17], Khalaj-Hedayati et al. [26], Melzer
et al. [28], Noreik et al. [16], Reidlinger et al.
[29], Siervo et al. [15], Sgambato et al. [19],
Taaffe et al. [27].

Itoi et al. [17], Khalaj-Hedayati et al. [26], Melzer
et al. [28], Reidlinger et al. [29], Siervo et al. [15].REE (kcal) ¼ 9.99 x BW þ 6.25 x H (cm) - 4.92 x

age þ 166 x sex (M ¼ 1; F ¼ 0) e 161

Muller 2004 Itoi et al. [17], Khalaj-Hedayati et al. [26],
Reidlinger et al. [29], Siervo et al. [15], Sgambato
et al. [19].

Itoi et al. [17], Khalaj-Hedayati et al. [26],
Reidlinger et al. [29], Siervo et al. [15].REE (MJ) ¼ 0.047 x BW þ 1.009 x sex (M ¼ 1;

F ¼ 0) - 0.01452 x Age þ 3.21
BMI 25e30 kg/m2: REE (MJ) ¼ 0.04507 x

BW þ 1.006 x sex þ 0.01553 x age þ 3.407
Noreik et al. [16].

Owen 1986 Fredrix et al. [9], Itoi et al. [17], Noreik et al. [16],
Siervo et al. [15], Taaffe et al. [27].

Itoi et al. [17], Melzer et al. [28], Siervo et al. [15]
Male REE (kcal) ¼ 879 þ 10.2 BW
Female REE (kcal) ¼ 795 þ 7.18 BW

Equations developed for the elderly population At group level At individual level

FAO/WHO/UNU 1985 Itoi et al. [17], Khalaj-Hedayati et al. [26], Melzer
et al. [28], Luhrmann et al. [10,31]; Noreik et al.
[16], Nhung et al. [30], Siervo et al. [15], Taaffe
et al. [27].

Itoi et al. [17], Nhung et al. [30] Siervo et al. [15].
>60 y Male REE (kcal) ¼ 13.5 � BW þ 487
>60 y Female REE (kcal) ¼ 10.5 � BW þ 596

>60 y Male REE (kcal) ¼ 8.8 � BWþ 1128 � H
(m) e 1071

Khalaj-Hedayati et al. [26], Melzer et al. [28].

>60 y Female REE (kcal) ¼ 9.2 � BWþ 637 � H
(m) e 302

Fredrix 1990 Itoi et al. [17], Khalaj-Hedayati et al. [26], Siervo
et al. [15], Taaffe et al. [27]

Itoi et al. [17]. Khalaj-Hedayati et al. [26], Siervo
et al. [15].>51 y REE (kcal) ¼ 1641 þ 10.7 � BW e

9.0 � age �203 � sex (M ¼ 1; F ¼ 2)
Luhrmann 2002 Itoi et al. [17], Khalaj-Hedayati et al. [26], Melzer

et al. [28], Noreik et al. [16], Reidlinger et al.
[29], Siervo et al. [15], Sgambato et al. [19].

Itoi et al. [17], Khalaj-Hedayati et al. [26], Melzer
et al. [28], Reidlinger et al. [29], Siervo et al. [15].>60 y REE (kJ) ¼ 3169 þ 50.0 $ BWe 15.3 $

age þ 746 $ sex (M ¼ 1; F ¼ 0)
Henry 2005 (Oxford)
>60 y Male REE (kcal) ¼ 13.5 x BW þ 514 Sgambato et al. [19]
>60 y Female REE (kcal) ¼ 10.1 x BW þ 569
60-70 y Male REE (kcal) ¼ 13 x BW þ 567 Itoi et al. [17], Siervo et al. [15] Itoi et al. [17], Siervo et al. [15]
60-70 y Female REE (kcal) ¼ 10.2 x BW þ 572
>70 y Male REE (kcal) ¼ 13.7 x BW þ 481 Itoi et al. [17], Siervo et al. [15 Itoi et al. [17], Siervo et al. [15
>70 y Female REE (kcal) ¼ 10 x BW þ 577
>60 y Male REE (kcal) ¼ 11.4 � BW þ 541 � H

(m) - 256
Khalaj-Hedayati et al. [26], Reidlinger et al. [29] Khalaj-Hedayati et al. [26], Reidlinger et al. [29]

>60 y Female REE (kcal)¼ 8.52� BWþ 421� H
(m) þ 10.7

Schofield 1985
>60 y Male REE (kcal) ¼ 13.5 � BW þ 487 Fredrix et al. [9], Noreik et al. [16], Siervo et al.

[15], Luhrmann et al. [31], Sgambato et al. [19]>60 y Female REE (kcal) ¼ 10.5 � BW þ 596
>60 y Male REE (MJ) ¼ 0.038 BW þ 4.068H (m)

e 3.491

Luhrmann et al. [31]

>60 y Female REE (MJ) ¼ 0.033
BW þ 1.917H (m) þ 0.074

BMI: Body Mass Index; BW: body weight; H: height; y: years.
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population (age >60 years), i.e. the Fredrix [9], Luhrmann [10],
FAO/WHO/UNU [7], Schofield [6] and Henry [8] equations. As re-
ported in Table 2, the HB equation [11] was the most frequently
assessed, followed by the FAO/WHO/UNU [7], Luhrmann [10] and
Mifflin [12] equations.

3.5.1. Accuracy at group level (bias)
The accuracy at group level was assessed by calculating bias, i.e.

the average percent predicted-measured difference. Bias was re-
ported in eight papers and calculated in another five from absolute
values. The bias for each equation varied considerably between
studies. Considering the Mifflin equation [12], it ranged from an
underestimate of �12% to an overestimate of þ9%, while less
marked variations were observed for the other equations. There
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was a prevalent tendency towards an overestimation of REE
(Table 3) except for the study by Siervo et al. [15]. Indeed, as re-
ported in Fig. 3, substantial differences between equations emerged
in the analysis by groups or by participants (i.e. weightedmean bias
of different studies), with the least bias for the Mifflin [12] (�0.3%)
and HB [11] (þ2.6%) equations, and values above 5% for the equa-
tions proposed by FAO/WHO/UNU [7], Fredrix [9] and Muller [32].
Similar findings were observed for the study group analysis.

Seven studies analyzed results separately by gender, with
similar findings to those just described (Table S3). The only
exception was the study by Sgambato et al. [19] in elderly Brazilian
females, which showed a remarkable overestimation for all the
equations used, ranging from þ13% for the Mifflin equation [12] up
to þ 30% for the Luhrmann equation [10].



Table 3
Accuracy at group level, assessed by bias, among included studies.

Age range N Bias (%)a

HB FAO/WHO/UNU Fredrix Henry Luhrmann Mifflin Muller Owen Schofield

Fredrix et al. [9] 51-82 y 40 þ7 þ4 þ6
Itoi et al. [17] 64-78 y 32 �1 þ5 þ9 þ4 þ6 �8 þ8 þ15
Khalaj-Hedayati et al. [26] 61-83 y 50 þ4 þ8b þ9 þ4b þ7 þ1 þ7
Melzer et al. [28] c 70-98 y 119 þ3 þ4b þ3 þ6 þ7
Noreik et al. [16] c �65y 20 þ4 þ3 �2 þ9 þ5^ þ8 þ0.8
Reidlinger et al. [29] c �70 y 34 þ6 þ9b þ12 þ1 þ12 þ11
Siervo et al. [15] c 60-94 y 68 �2 þ8 þ1 �0.7 �1 �12 þ0.2 �2 �0.6

a Data are presented as the difference between mean predicted and mean measured REE expressed as a percentage of mean measured REE. HB¼ HarriseBenedict.
b The equations used both body weight and height; ^ Equation for BMI 25e30 kg/m2.
c Bias has been calculated by the absolute values reported in the text.

Fig. 3. Accuracy at group level (bias). Data are presented as the difference between mean predicted and mean measured REE expressed as a percentage of mean measured REE.
Analysis by participants consisted of weighted means of bias, whereas analysis by study group had not adjustment of mean values.

Table 4
Accuracy at individual level, assessed by accuracy within 10%, among included studies.

Age range N Accuracy within ±10%

HB FAO/WHO/UNU Fredrix Henry Luhrmann Mifflin Muller Owen

Itoi et al. [17] 64-78 y 32 88 72 66 81 72 56 69 31
Khalaj-Hedayati et al. [26] 61-83 y 50 72 60a 52 76a 64 74 64
Melzer et al. [28] 70-98 y 119 72 64a 64 60 51
Reidlinger et al. [29] �70 y 34 50 44a 35 70 44
Siervo et al. [15] 60-94 y 68 64 42b 66 60b 58b 38b 63 50

Data are presented as the percentage of predicted REE values within 10% of measured REE. HB¼ HarriseBenedict.
a The equation used both body weight and height.
b Data was extracted by Fig. 1B of Siervo et al. [15].
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3.5.2. Accuracy at individual level (precision)
The accuracy at individual level (precision) was reported in eight

studies as percentage of elderly subjects with a predicted REE be-
tween 90 and 110% of the measured one, showing very different re-
sults (Table 4). Precision widely varied between studies for the same
equation and among mean values of different equations (by groups
between 47 and 69% and by individuals between 44 and 69%). The
Owen equation [33] gave the least precise estimates (44% as mean of
three studies, range 31e51%). Based on the analysis by participants or
bygroups, thehighest accuracyat individual levelwasobservedusing
the HB equations (69%) [11], while the Henry [11] equations provided
3100
estimateswithin 10%ofmeasured values in around65% and theother
equations in around 60% of participants (Fig. 4).

In 5 studies, precisionwas reported separately by gender or only
for males or females (Table S4). The Mifflin equation [12] provided
the highest precision in females (85%), but not in males (43%), as
reported by Reidlinger et al. [29]. On the other hand, the study by
Karlsson et al. [18], evaluating REE prediction in octogenarian men,
showed that the Mifflin equation [12] provided the highest accu-
racy compared to other formulas. Precision values reported by
Sgambato et al. [19] were very low in both genders for all the
equations used.



Fig. 4. Accuracy at individual level (precision). Data are presented as the percentage of predicted REE values within 10% of measured REE. Analysis by participants consisted of
weighted means of precision, whereas analysis by study group had not adjustment of mean values.
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4. Discussion

The aims of this systematic review were to assess prediction
accuracy of REE in healthy older adults, and specifically to identify
the equation giving themost reliable estimates of REE at group and/
or individual level. Overall, we found a great heterogeneity and
variability of accuracy prediction across the selected studies, with a
clear trend towards an overestimation of REE. Based on the present
findings, the most accurate equations in groups of elderly subjects
are those proposed by Mifflin [12] and HB [11] since they showed
the lowest bias. While, the highest individual accuracy was
observed for the HB equation [11], followed by the Henry [8] and
Mifflin [12] equations.

To date, only few attempts have been made to explore the
predictive accuracy of equations for REE in aged people. The pre-
vious systematic review by Frankenfield et al. [13] was performed
in subjects with and without obesity including various ethnic and
age groups. Four prediction equations were identified as the most
used in clinical practice; and only the accuracy prediction within
±10%, but not bias, was assessed. The authors suggested the use of
theMifflin equation due to the consistent results observed in adults
but did not specifically consider data in older adults. Before
Frankenfield et al., a narrative review by Gaillard et al. [14], which
was focused on energy needs in the elderly, was published. The
authors used four equations to determine the accuracy of REE
prediction (with a not well defined approach) and stated that the
HB equation [11] was accurate in both healthy and sick elderly
people, while the Fredrix equation [9] was accurate only in the sick
population.

For the present systematic review, we selected those studies
exclusively focused on healthy older adults that provided consis-
tent data on prediction accuracy at group level (bias) and/or indi-
vidual level (precision), using equations evaluated at least in three
different papers. We identified 8 predictive equations as the most
used. Bias was the mean percent difference between predicted and
measured REE for a given group of subjects and is used to detect the
occurrence (and extent) of a systematic over- or underestimation.
Our results indicate that, in elderly people, the Mifflin equation [12]
provided the most accurate prediction at the group level, while the
Henry and Schofield equations did the same among those specif-
ically designed for that age group. Overall, it is worth noting that all
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the equations considered led to an overestimation of REE, which
was even more marked when the somewhat diverging values re-
ported by Siervo et al. [15] were not considered. In such a case, the
Mifflin equation [12] still showed the smallest mean bias (þ2.8%),
with this latter increasing to more than 5% for several equations.
These findings are in line with those reported by Porter et al. [20],
who calculated the measured-predicted differences of REE in
elderly subjects but not the percent bias. Finally, even though no
definite conclusion can be drawn due to scarcity of data, the results
available on the two genders separately seem to be similar to those
just discussed for both genders combined.

Although the accuracy at group level provides useful informa-
tion to public health nutrition and community dietetics, data on
precision, i.e. the percentage of subjects with predictive values
between 90 and 110% of measured REE, are required for assessing
the accuracy in single individuals. In the present study, the HB
equations [11] had the best precision (69%), while, the age-specific
equations proposed by FAO/WHO/UNU [7], Luhrmann [10], Henry
[8] or Fredrix [9] had a slightly lower precision (from 60 to 65%) and
no data were provided for the Schofield equations [6].

Previous reviews [13,14] gave neither information on precision
nor clear indication of which predictive formula for REE was the
most reliable in elderly people. No one equation could be recom-
mended in the elderly population because of limited data; but
Frankenfield et al. [13] suggested the use of the Mifflin equation
[12] without providing any data on its precision. Conversely, our
findings showed that the Mifflin equation had a precision of
approximately 61%, which was similar to those provided by age-
specific equations and lower compared to the HB equations,
resulting inaccurate in approximately 40% of older adults.

In the present systematic review, the number of studies giving
bias and precision varied depending on the equation chosen,
making the comparison not so definite but still interesting from a
practical point of view. Actually, some general considerations can
reasonably be drawn. The first one is that prediction accuracy is
not higher for those equations that were developed specifically for
elderly people. Of note, some of them were derived on very small
samples of subjects (FAO/WHO/UNU [7], Schofield [6] and Fredrix
[9]). In most cases there was a substantial positive mean bias
(overestimation), which varied by a few percentage points be-
tween equations; and it was substantially influenced by including
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the paper by Siervo et al. [15], which gave disagreeing results e no
immediate explanation for this e compared to the other ones. The
second point to consider is that aging affects body composition
with a decrease of lean tissues and an increase of adipose tissue.
Since fat-free mass (FFM) is the major determinant of REE, changes
in both quantity and quality of FFM can influence REE measure-
ment in older subjects and consequently the accuracy of predic-
tion. Unfortunately, none of the selected studies showed any data
on body composition, potentially contributing to the inaccuracy of
results. Finally, although the HB formula provides the most precise
equations for predicting REE in this sample of older adults, the
equation is still imprecise in approximately 31% of individuals,
indicating that REE prediction was higher than measured, leading
to a slight overestimation of energy needs, and highlighting the
importance of measuring REE by IC to provide adequate
requirements.

Minor inconsistencies between studies are also expected, but
cannot be clearly identified, due to the use of different instruments,
calibration procedures and sample characteristic. Unfortunately,
there are not enough data to provide reliable information on older
subjects or potential differences between genders.

Therefore, to simply and improve future evaluations on REE
prediction, it would be useful to analyse and present data on ac-
curacy at both group (bias) and individual (precision) level, possibly
by taking gender differences into account. As further step, more
attention should be paid on the sample characteristics, especially
for age and body weight, to minimize the variability within and
between groups. Last, but not least, because of aging, prediction of
REE in the elderly should be assessed by considering the presence
of diseases able to affect FFM, such as sarcopenia, in order to
improve its accuracy.

4.1. Strength and limitations

To the best of our knowledge, this is the first systematic review
assessing the prediction accuracy of REE in healthy older adults at
both group and individual level. A strength of this review is the use
of clear inclusion criteria, with the exclusion of studies involving
sick elderly people, and the identification of standardized condi-
tions (fasting state, bed rest, etc.) for REE measurement.

However, several limitations should be considered when
examining the results of this review. Firstly, most of the selected
studies did not have a strong experimental design (for instance,
because of small sample sizes), and were only partially adequate
and representative of the target population. Secondly, there was a
wide variability in ethnicity and individual characteristics: partic-
ipants’ age ranged from 52 to over 80 years and their BMI varied
from normal weight to severe obesity, without reporting data
separately. As a result, this large heterogeneity, observed within
and between studies, could impact differently on REE prediction
and consequently on summarizing the results of this systematic
review. Lastly, studies differed in the way data regarding bias and
precision were reported.

5. Conclusion

In conclusion, none of the prediction equations considered
provides accurate and precise REE estimates in healthy older adults.
Findings systematically shows a great heterogeneity and variability
of prediction accuracy of REE in the older population, with a
considerable tendency towards an overestimation of measured
values. The most accurate prediction is given by the Mifflin equa-
tion at group level and by the HarriseBenedict equation at indi-
vidual level. Further studies with strong quality design are needed
to evaluate the variability of REE in the elderly general population,
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to assess the accuracy of the currently available predictive equa-
tions and possibly to derive new equations that are specific for
population subgroups such as frail and/or very old subjects.
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