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s u m m a r y

Background & aims: In dietary practice, it is common to estimate protein requirements on actual
bodyweight, but corrected bodyweight (in cases with BMI <20 kg/m2 and BMI �30 kg/m2) and fat free
mass (FFM) are also used. Large differences on individual level are noticed in protein requirements using
these different approaches. To continue this discussion, the answer is sought in a large population to the
following question: Will choosing actual bodyweight, corrected bodyweight or FFM to calculate protein
requirements result in clinically relevant differences?
Methods: This retrospective database study, used data from healthy persons �55 years of age and in- and
outpatients �18 years of age. FFM was measured by air displacement plethysmography technology or
bioelectrical impedance analysis. Protein requirements were calculated as 1) 1.2 g (g) per kilogram (kg)
actual bodyweight or 2) corrected bodyweight or 3) 1.5 g per kg FFM. To compare these three ap-
proaches, the approach in which protein requirement is based on FFM, was used as reference method.
BlandeAltman plots with limits of agreement were used to determine differences, analyses were per-
formed for both populations separately and stratified by BMI category and gender.
Results: In total 2291 subjects were included. In the population with relatively healthy persons (n ¼ 506,
�55 years of age) mean weight is 86.5 ± 18.2 kg, FFM is 51 ± 12 kg and in the population with adult in-
and outpatients (n ¼ 1785, �18 years of age) mean weight is 72.5 ± 18.4 kg, FFM is 51 ± 11 kg. Clinically
relevant differences were found in protein requirement between actual bodyweight and FFM in most of
the participants with overweight, obesity or severe obesity (78e100%). Using corrected bodyweight, an
overestimation in 48e92% of the participants with underweight, healthy weight and overweight is
found. Only in the Amsterdam UMC population, protein requirement is underestimated when using the
approach of corrected bodyweight in participants with severe obesity.
Conclusion: The three approaches in estimation of protein requirement show large differences. In the
majority of the population protein requirement based on FFM is lower compared to actual or corrected
bodyweight. Correction of bodyweight reduces the differences, but remain unacceptably large.
It is yet unknown which method is the best for estimation of protein requirement. Since differences vary
by gender due to differences in body composition, it seems more accurate to estimate protein require-
ment based on FFM. Therefore, we would like to advocate for more frequent measurement of FFM to
determine protein requirements, especially when a deviating body composition is to be expected, for
instance in elderly and persons with overweight, obesity or severe obesity.
© 2022 The Author(s). Published by Elsevier Ltd on behalf of European Society for Clinical Nutrition and
Metabolism. This is an open access article under the CC BY license (http://creativecommons.org/licenses/

by/4.0/).
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1. Introduction

A person's protein requirement depends on their age, the
amount of fat free mass (FFM) extent and type of physical activity,
the protein quality and the severity of disease. There are several
ways to estimate the individual optimal protein requirement. In
dietary practice, it is common to estimate protein requirements
based solely on bodyweight. The recommended daily amount of
protein of 0.8 g (g) per kilogram (kg) bodyweight per day in healthy
subjects is based on the amount of protein needed to compensate
daily loss of nitrogen and is based on short-term (<2 weeks) ni-
trogen balance studies [1e4].

In case of inflammation protein catabolism increases. Protein
synthesis decreases when inflammation, insulin resistance and
limited movement (immobility) are present. Therefore, it is
commonly accepted that in these situations, more protein is needed
compared to a healthy state. In adults, the recommendation is at
least 1.2 g protein/kg bodyweight [2,5,6].

As mentioned before, protein requirement also depends on the
amount of FFM. The amount of muscle mass is the main determi-
nant of protein requirements. By using bodyweight for the esti-
mation of protein requirements, differences in FFM between male
and female, young and older, active and inactive and underweight
and overweight persons are being ignored. When information on
FFM is not available, protein needs can be calculated using cor-
rected bodyweight in under- and overweight to prevent under- and
overestimation. This approach is based on protein requirements of
1.5 g/kg FFM mass [6,7]. The weight of participants with under-
weight (body mass index (BMI) < 20 kg/m2) is corrected to a BMI of
20 kg/m2 and the weight of participants with obesity (BMI �30 kg/
m2) to a BMI of 27.5 kg/m2 [7].

In clinical practice large differences are noticed in protein re-
quirements on individual level when calculated based on FFM,
actual bodyweight and corrected bodyweight. Two articles were
published and discussed comparing protein requirements calcula-
tion based on bodyweight and FFM. In both studies, a large under-
and overestimation in protein requirements was seen when using
bodyweight, especially in participants with under- and overweight
[8,9]. To continue this discussion, the answer is sought in a large
population to the following question: Will choosing actual body-
weight, corrected bodyweight or FFM to calculate protein re-
quirements result in clinically relevant differences? The aim of this
study is to determine the differences in protein requirements using
these three approaches in a large, diverse research group.

2. Material & methods

2.1. Study design and research population

This retrospective database study determined the difference in
protein requirements (the amount of protein in g) based on body-
weight and corrected bodyweight compared to protein require-
ment based on FFM.

Existing data from studies of the Amsterdam Nutritional
Assessment Center of the Amsterdam University of Applied Sci-
ences (ANAC population) and Amsterdam University Medical
Centers (Amsterdam UMC population) were used. The combined
dataset includes the following variables: age, gender, height (cm),
weight (kg), resistance & reactance by BIA (both 50 kHz) and are
only available upon request and approval by the lectorate Exercise
and Nutrition. Collected data meets FAIR principle, DOI-number:
10.21943/auas.16610146 [10]. The ANAC population consisted of
persons �55 years of age, participated in one of four different
studies [11e14]. Persons <55 years of age are not included, because
this did not fit the purposes of this study. The Amsterdam UMC
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population consisted of adult in- and outpatients �18 years of age,
included in one of six different studies [15e20]. For more infor-
mation about patient characteristics of the population we refer to
the articles that were already published [11e20].
2.2. Measurement of FFM

FFM was measured by air displacement plethysmography
technology (BODPOD, Canada) in the ANAC population [11e14] and
by bioelectrical impedance analysis (BIA) in the Amsterdam UMC
population. Different impedance analyzers were used: BIS Xitron
400b (Xitron Technologies, USA) [16,17], Bodystat 1500 MDD
(Bodystat, UK) [15,19], Bodystat 500 (Bodystat, UK) [19], BIA RJL
Systems 101 (Clinton Township, USA) [18], Body Composition
Monitor (Fresenius Medical Care, Bad Homburg, Germany) [20]. To
calculate FFM in a similar way, the crude values (resistance and
reactance) of the measurements were used to calculate FFM using
the Geneva equation [21].
2.3. Calculation of protein requirements

Three approaches in determining protein requirements were
calculated:

1. 1.2 g protein per kg actual bodyweight [2,5,6].
2. 1.2 g protein per kg corrected bodyweight* [6,7].
3. 1.5 g protein per kg FFM [6,7].

* Conversion factors for protein requirements in the corrected
bodyweight approach per BMI.

� BMI <20 kg/m2¼ protein recommendation� (height (m)2� 20)
� BMI 20e30 kg/m2 ¼ no correction of protein recommendation
� BMI �30 kg/m2 ¼ protein recommendation � (height
(m)2 � 27.5) [7].

Approach 1, using actual bodyweight, is based on nitrogen
balance studies [1e3]. If the amount of nitrogen loss of the body is
known, it is possible to calculate the protein breakdown per day
and therewith to determine the required protein need to ingest
through diet for compensation of these losses [2]. Previous nitrogen
balance studies were of short duration and therefore, long-term
effect on muscle mass are unknown [1,2,22].

If a person is under- or overweighed, the body generally con-
tains respectively more or less protein per kg bodyweight. Protein
requirements will be under- or overestimated when based on
actual bodyweight. To avoid under- or overestimating of protein
requirement in these cases, adjusted bodyweight is used in
approach 2 [6,7].

A limited amount of studies show that protein requirement is
higher in persons who have a higher bodyweight, which is possibly
due to a higher FFM in persons who have a higher bodyweight, FFM
is in described to have a major role in an individuals’ nitrogen
balance while the role of fat mass (FM) is negligible. In addition to
organ tissue and bone, FFM mainly consists of muscle tissue, in
which by far the largest amount of body protein is located [23]. Due
to the protein turnover, a continuous active process of protein
synthesis and protein breakdown, it is logical that a larger quantity
FFM and thus body protein is associatedwith a higher need. Protein
requirement is expected to be lower in persons who have a lower
FFM. Using FFM for the estimation of protein requirement in
approach 3 does justice to the differences in body composition [7].
Therefore, authors chose to use the approach of protein re-
quirements based on FFM as the reference method in this study.
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2.4. Clinically relevant difference

There is no literature available about what is accepted as a
clinically relevant difference in protein requirements. Therefore, on
forehand researchers decided by consensus that an underestima-
tion of >10% and an overestimation of >10% of protein requirement
was defined as a clinically relevant difference when FFM was taken
as 100%.

2.5. Statistical considerations

To compare the three approaches, the approach inwhich protein
requirement is based on FFM, was used as reference method.
BlandeAltman plots with limits of agreement were used to deter-
mine differences between the reference method and the ap-
proaches based on actual or corrected bodyweight. Analyses were
performed for the ANAC population and Amsterdam UMC popu-
lation separately, stratified by BMI category (underweight; BMI
<18,5 kg/m2, normal weight; BMI 18.5e24.9 kg/m2, overweight;
BMI 25.0e29.9 kg/m2, obesity; BMI 30.0e39.9 kg/m2, severe
obesity; BMI >40 kg/m2) and gender. Statistical analyses were
performed using SPSS Statistics (version 26, IBM SPSS).

3. Results

3.1. Study population

The ANAC population consists of 506 healthy subjects, of which
59% is female. Mean age is 67 ± 7 years, mean weight is
86.5 ± 18.2 kg, mean BMI is 30.0 ± 5.5 kg/m2 and mean FFM is
51 ± 12 kg. The Amsterdam UMC population consists of 1785 adult
in- and outpatients, of which 44% is female. Mean age is 66 ± 6
years, mean weight is 72.5 ± 18.4 kg, mean BMI is 24.0 ± 5.0 kg/m2

and mean FFM is 51 ± 11 kg. Main characteristics of the ANAC and
Amsterdam UMC populations are shown in Table 1.

3.2. Differences in protein requirements between approaches

In Tables 2 and 3 protein requirement (g) based on (corrected)
bodyweight compared with the reference method are given,
stratified by BMI categories and gender for both populations and
Fig. 1 AeH illustrates BlandeAltman plots of mean differences and
limits of agreement between actual or corrected bodyweight and
FFM, stratified for BMI categories for men and female separately.
Clinically relevant differences were found in protein requirement
between actual bodyweight and FFM in most of the participants
with overweight, obesity or severe obesity (78e100% in the
Amsterdam UMC population and 92e100% % in the ANAC popula-
tion). Using corrected bodyweight, an overestimation in 48e92% of
the participants with underweight (80% in the Amsterdam UMC
population), healthy weight (48% in the Amsterdam UMC popula-
tion and 74% in the ANAC population) and overweight (78% in the
Amsterdam UMC population and 92% in the ANAC population) is
found. If protein requirement is based on actual bodyweight, the
overestimation raised more relative to the increase of the average
protein requirement based on FFM (p < 0.001).

In the participantswith severe obesity, a notable underestimation
of protein requirements in 26% is found, increasing from 11% in the
female participants to 40% in the male participants of the Amster-
dam UMC population. Only in the Amsterdam UMC population,
protein requirement is underestimated when using the approach of
corrected bodyweight in participants with severe obesity.
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4. Discussion

4.1. Differences between approaches

Clinically relevant differences in protein requirements using
actual bodyweight, corrected bodyweight and FFM were found in a
the majority of a large, diverse research group. Differences are the
largest in the approach using actual bodyweight, which is currently
worldwide used to calculate protein requirements. This first
approach lacks evidence. As mentioned before, because it is based
on nitrogen balance studies [1e3], short of duration in which long-
term effect on muscle mass are unknown [1,2,22]. There is little
data available on nitrogen balance studies in elderly [1] and
achieving neutral nitrogen balance does not automatically mean
that muscle mass remains constant [2]. The use of a nitrogen bal-
ancemay be suitable to compensate for protein loss, but is probably
not precise enough to determine protein requirement to optimize
muscle mass [24].

The second approach, calculating protein requirements using
corrected bodyweight, showed more overestimations in partici-
pants with underweight, and only in the Amsterdam UMC popu-
lation, protein requirement is underestimated in participants with
severe obesity. Both probable due to the fact that the body generally
contains respectively more (in case of underweight) or less (in case
of obesity) protein per kg bodyweight. Therefore it is questionable
whether correcting bodyweight causes a true overestimation of
protein requirement in participants with underweight, in which it
is desirable to advise too much rather than too little protein. And in
general, in participants with obesity and severe obesity a weight
correction brings protein requirement based on bodyweight closer
to protein requirement based on FFM.

Taken this together, the approach of calculating protein
requirement based on actual bodyweight is not taking FFM into
account and does not seem suitable to estimate protein require-
ment [22,24]. This thought is confirmed by the present study.
Furthermore, based on previously described information, the fact
that persons with the same bodyweight can have completely
different amounts of FFM, and therefore may all have different
protein needs since FFM is in described to have a major role in an
individuals’ nitrogen balance [23], it does not really seem logical to
use actual bodyweight or corrected bodyweight to calculate protein
requirements.

4.2. Differences in populations

Large differences in protein requirement between the two
research populations were found as well.

As mentioned before, the ANAC population consisted of rela-
tively healthy persons, �55 years of age and the Amsterdam UMC
population consisted of adult in- and outpatients �18 years of age.

Preservation of FFM during (critically) illness is metabolically
challenging. Protein metabolism changes during (critically) illness
and causes a disbalance in protein synthesis and protein break-
down. In addition, inflammation is present, which causes a higher
protein breakdown than synthesis. There is therefore general
agreement that in these situations more protein is needed than in a
healthy situation. This might indicate that a protein requirement of
1.5 g of protein per kg of FFM is too low in the Amsterdam UMC
population.

The ANAC population shows larger differences in protein
requirement. This population represents the average indepen-
dently living Dutch citizen of �55years of age and consists for a



Table 1
Patient characteristics.

ANAC population Amsterdam UMC population

Total Female Male Total Female Male

N 506 298 208 1785 781 1004
Age (yr)a 67.5 ± 7.4 67.4 ± 7.7 67.5 ± 6.9 66.1 ± 15.6 64.9 ± 17.0 67.0 ± 14.4
18e35b e e e 97 (5) 53 (7) 44 (4)
35e70b 317 (63) 188 (63) 129 (62) 831 (47) 355 (46) 476 (47)
�70b 189 (37) 110 (37) 79 (38) 857 (48) 373 (48) 484 (48)

Height (cm)a 170 ± 9 164 ± 6 178 ± 7 173 ± 10 166 ± 7c 178 ± 8
Weight (kg)a 86.5 ± 18.2 80.1 ± 16.7 95.9 ± 16.1 72.5 ± 18.4 65.2 ± 16.6 77.8 ± 17.9
BMI categorya 30.0 ± 5.5 29.7 ± 6.0 30.4 ± 4.6 24.0 ± 5.0d 23.5 ± 5.5d 24.4 ± 4.6d

Underweightb e e e 198 (11) 137 (18) 61 (6)
Healthy weightb 97 (19) 70 (23) 27 (13) 931 (52) 388 (50) 543 (54)
Overweightb 166 (33) 96 (32) 70 (34) 450 (25) 148 (19) 302 (30)
Obesityb 226 (45) 118 (40) 108 (52) 187 (11) 99 (13) 88 (9)
Severe obesityb 17 (3) 14 (5) 3 (1) 19 (1) 9 (1) 10 (1)

FFM (kg)a 51.3 ± 11.9 43.3 ± 6.1 62.8 ± 8.1 50.7 ± 11.4c 42.2 ± 7.5c 57.3 ± 9.3
FM (kg)a 35.2 ± 12.3 36.7 ± 13.0 33.1 ± 10.8 21.6 ± 10.4d 23.0 ± 10.4d 20.5 ± 10.2c

Yr ¼ year, SD ¼ standard deviation, cm ¼ centimeters, kg ¼ kilograms, m ¼ meters, BMI ¼ Body Mass Index, FFM ¼ fat free mass, FM ¼ fat mass.
a Data presented as mean ± SD.
b Data presented as n, %.
c Significant differences between ANAC population and Amsterdam UMC population, p-value �0.05.
d Significant differences between ANAC population and Amsterdam UMC population, p-value <0.001.
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larger part of participants with overweight, obesity and severe
obesity compared to the Amsterdam UMC population.

Weight gain increases protein requirement when calculated
based on bodyweight. However, protein requirement based on FFM
Table 2
Protein requirement (g) based on actual bodyweight compared with the reference meth

N Reference
method (A)a

Actual
bodyweight (B)a

Mean differe
of agreemen

Amsterdam UMC population
Total 1785 76 ± 17 87 ± 22 10.7 (�11.6e
Underweight 198 57 ± 10 58 ± 8 1.5 (- 9.9e12
Healthy weight 931 73 ± 13 79 ± 11 6.3 (�8.0e20
Overweight 450 84 ± 15 98 ± 12 14.5 (�0.2e2
Obesity 187 92 ± 18 121 ± 19 28.8 (10.6e4
Severe obesity 19 114 ± 22 164 ± 25 50.7 (36.9e6
Female 781 63 ± 11 78 ± 20 14.9 (�6.7e3
Underweight 137 52 ± 7 56 ± 7 3.5 (�5.4e12
Healthy weight 388 61 ± 8 72 ± 9 11.3 (�0.2e2
Overweight 148 67 ± 7 88 ± 9 20.8 (10.2e3
Obesity 99 78 ± 9 111 ± 12 32.5 (20.7e4
Severe obesity 9 97 ± 10 148 ± 10 50.7 (39.1e6
Male 1004 86 ± 14 93 ± 21 7.4 (�13.3e2
Underweight 61 67 ± 9 74 ± 8 �3.0 (�11.4e
Healthy weight 543 81 ± 9 83 ± 10 2.6 (�8.9e14
Overweigh 302 92 ± 10 103 ± 10 11.5 (�1.1e2
Obesity 88 107 ± 13 131 ± 19 24.5 (4.1e45
Severe obesity 10 129 ± 19 180 ± 24 50.9 (32.9e6
ANAC population
Total 506 77 ± 18 93 ± 13
Healthy weight 97 65 ± 13 78 ± 9 12.2 (�3.4e2
Overweight 166 75 ± 18 97 ± 12 22.3 (5.4e39
Obesity 226 83 ± 18 117 ± 16 33.9 (13.3e5
Severe obesity 17 82 ± 14 147 ± 15 65.5 (37.1e9
Female 298 65 ± 9 96 ± 20 31.0 (1.9e60
Healthy weight 70 59 ± 6 74 ± 8 15.2 (3.3e27
Overweight 96 63 ± 8 90 ± 8 27.4 (15.5e3
Obesity 118 69 ± 8 109 ± 12 39.6 (22.1e5
Severe obesity 14 76 ± 8 144 ± 15 67.6 (39.1e9
Male 208 94 ± 12 115 ± 19 20.9 (�2.9e4
Healthy weight 27 82 ± 10 86 ± 8 3.8 (�7.7e15
Overweight 70 91 ± 11 107 ± 10 15.4 (2.3e28
Obesity 108 99 ± 11 127 ± 14 27.7 (11.2e4
Severe obesity 3 106 ± 3 162 ± 8 e

a Data presented as mean ± SD.
b >10% lower protein requirements between reference method and actual bodyweigh
c >10% higher protein requirements between reference method and actual bodyweigh

381
does not necessarily increase if there is mainly an increase in FM
and not in FFM [25].

In the Amsterdam UMC population, participants with obesity
shows that a correction of bodyweight lowers protein requirement
od stratified by BMI categories and gender.

nces and limits
t A-B

Underestimationb

(A-B)
No difference
(A-B)

Overestimationc

(A-B)

32.9) 2% 41% 57%
.0) 8% 69% 23%
.5) 2% 52% 45%
9.3) 4% 21% 78%
7.0) 0% 3% 97%
5.5) 0% 0% 100%
6.5) 1% 20% 79%
.4) 4% 63% 33%
2.9) 1% 17% 82%
1.4) 0% 2% 98%
4.4) 0% 0% 100%
2.4) 0% 0% 100%
8) 3% 57% 40%
5.4) 16% 82% 2%
.2) 3% 78% 19%
4.1) 1% 31% 69%
.0) 0% 6% 94%
8.5) 0% 0% 100%

0% 8% 92%
7.5) 0% 26% 74%
.3) 0% 8% 92%
4.5) 0% 1% 100%
3.9) 0% 0% 100%
.2) 0% 2% 98%
.1) 0% 7% 93%
9.3) 0% 0% 100%
7.1) 0% 0% 100%
6.2) 0% 0% 100%
4.6) 0% 16% 84%
.4) 0% 74% 26%
.5) 0% 19% 81%
4.2) 0% 1% 99%

0% 0% 100%

t.
t.
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compared to calculation based on FFM. This might be explained by
the FFM, and therefore protein requirement on the basis of FFM, on
average is higher in the Amsterdam UMC population compared to
the ANAC population. With a BMI�30 kg/m2, weight was corrected
to a weight associated with a BMI of 27.5 kg/m2, regardless the
original BMI of that person. The correction for bodyweight in par-
ticipants with severe obesity is therefore very large and rather
inaccurate. Here protein requirement based on FFM seems to be a
more accurate estimate.

In practice, the same amount of protein (g) per kg bodyweight is
used in both male and female while body composition is different.
With the same bodyweight, female on average have a 10% higher
FM compared to male [26]. This explains differences in protein
requirement between male and female in the current study and
shows the importance of differentiation in gender. With protein
requirement based on FFM this problem is covered.

There is no equal distribution of BMI categories within age
categories, so differences in BMI categories influences the outcome
of differences in protein requirement between age categories.
Furthermore, the study population contains 37e48% subjects >70
years of age, in which other BMI categories apply. These results are
therefore difficult to interpret.

4.3. Strengths and weaknesses

A strong point of this study is that a large research population
(ANAC population n ¼ 506, Amsterdam UMC population n ¼ 1785)
Table 3
Protein requirement (g) based on corrected bodyweight compared with the reference m

N Reference
method (A)a

Corrected
bodyweight (B)a

Mean differe
and limits of

Amsterdam UMC population
Total 1785 76 ± 17 85 ± 15 9.3 (�6.7e25
Underweight 198 57 ± 10 69 ± 8 11.8 (0.4e23
Healthy weight 931 73 ± 13 79 ± 11 6.8 (�7.0e20
Overweight 450 84 ± 15
Obesity 187 92 ± 18 100 ± 11 8.4 (�9.6e26
Severe obesity 19 114 ± 22 106 ± 17 �7.4 (�23.3e
Female 781 63 ± 11 77 ± 12 14.4 (1.3e26
Underweight 137 52 ± 7 66 ± 6 13.9 (4.4e23
Healthy weight 388 61 ± 8 73 ± 9 11.9 (1.2e22
Overweight 148 67 ± 7
Obesity 99 78 ± 9 93 ± 7 14.4 (3.8e25
Severe obesity 9 97 ± 10 95 ± 6 �1.8 (�13.4e
Male 1004 86 ± 14 92 ± 15 5.6 (�8.9e20
Underweight 61 67 ± 9 74 ± 8 7.0 (�2.6e16
Healthy weight 543 81 ± 9 84 ± 10 3.1 (�7.9e14
Overweight 302 92 ± 10
Obesity 88 107 ± 13 109 ± 9 1.7 (�13.5e1
Severe obesity 10 129 ± 19 116 ± 17 �12.5 (�24.8
ANAC population
Total 506 77 ± 18 104 ± 22
Healthy weight 97 65 ± 13 78 ± 9
Overweight 166 75 ± 18
Obesity 226 83 ± 18 96 ± 11 12.6 (�7.4e3
Severe obesity 17 82 ± 14 90 ± 9 8.1 (�10.0e2
Female 298 65 ± 9 85 ± 10 20.6 (4.9e36
Healthy weight 70 59 ± 6 74 ± 8
Overweight 96 63 ± 8
Obesity 118 69 ± 8 89 ± 7 19.6 (7.1e32
Severe obesity 14 76 ± 8 87 ± 7 10.6 (�3.3e2
Male 208 94 ± 12 102 ± 11 8.3 (�9.3e25
Healthy weight 27 82 ± 10 86 ± 8
Overweight 70 91 ± 11
Obesity 108 99 ± 11 104 ± 8 5.0 (�10.6e2
Severe obesity 3 106 ± 3 103 ± 8 e

a Data presented as mean ± SD.
b >10% lower protein requirements between reference method and actual bodyweigh
c >10% higher protein requirements between reference method and actual bodyweigh
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with both patients and healthy subjects has been included. The
study population is representative for both clinical and non-clinical
practice. Besides Dam et al. [8], which examined this issue in a
group patients undergoing hemodialysis (n ¼ 115), the current
study is, as far as known, the first study that shows difference in
protein requirement between different methods in a large group of
patients and healthy subjects.

A limitation in the AmsterdamUMC population is that values of
weight and height have been partly questioned which may in-
fluence the results. For determination of FFM both BODPOD and
BIA measurement were used for the ANAC and Amsterdam UMC
population. Because of this, protein requirement based on FFM can
differ, depending on themethod onwhich FFM is determined. FFM
measurement with BIA can for example give erroneous values
because of possible fluid disturbance. Also different analyzers
were used. In order to make it possible to calculate FFM in a
similar way and therewith compare results, crude data (resistance
and reactance at 50 kH) of the measurements were used to
determine FFM using the Geneva equation [21]. However, this
equation is meant for healthy subjects and can cause a larger
margin of error for the Amsterdam UMC population than for the
ANAC population.

In addition, internal analysis (not shown) shows that BIA
compared to the BODPOD gives a limited but significant over-
estimation of 6 ± 9 g protein (p < 0.001) and differences between
BMI categories in protein requirement based on FFM between BIA
and BODPOD remains constant.
ethod stratified by BMI categories and gender.

nces
agreement A-B

Underestimationb

(A-B)
No difference
(A-B)

Overestimationc

(A-B)

.4) 2% 40% 58%
.1) 0% 20% 80%
.6) 1% 51% 48%

4% 21% 78%
.4) 3% 47% 50%
8.5) 26% 74% 0%
.9) 0% 11% 89%
.4) 0% 6% 94%
.7) 0% 13% 86%

0% 2% 98%
.0) 1% 13% 86%
9.9) 11% 89% 0%
.1) 2% 62% 36%
.7) 0% 51% 49%
.1) 2% 78% 19%

1% 31% 69%
6.9) 6% 84% 10%
e�0.2) 40% 60% 0%

0% 24% 76%
0% 26% 74%
0% 8% 92%

2.7) 1% 33% 67%
6.1) 0% 41% 59%
.4) 0% 5% 95%

0% 7% 93%
0% 0% 100%

.0) 0% 4% 96%
4.6) 0% 29% 71%
.8) 0% 51% 49%

0% 74%
0% 19% 26%

0.7) 1% 64% 81%
0% 100% 35%

t.
t.



Fig. 1. AeH: BlandeAltman plots of mean differences and limits of agreement between current or corrected bodyweight and FFM, stratified for BMI categories for men and female
separately.
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4.4. Implications for the future

In any event, using of corrected bodyweight in cases with BMI
<20 kg/m2 and BMI �30 kg/m2 is necessary to reduce over- or
underestimation of protein requirement. Protein requirement
based on FFM seems to be the best approach.

However, in practice it is important to know what the actual
protein requirement is, but it is unclear what amount of protein per
kg FFM the actual protein requirement is in different target groups.
For patients, the method of calculating protein requirement based
on 1.5 g protein per kg FFM is probably too low. Ishibashi et al.
shows that 1.5 g protein per kg FFM gives the least protein loss in a
small research group [6]. In vivo neutron activation analysis
(IVNAA) was used to determine the amount of nitrogen in the body
during 10 days. The change in body protein was assessed at
different protein intakes (1.1, 1.5, 1.9 g protein per kg FFM) [27]. A
protein requirement of 1.5 g protein per kg of FFM is only based on
the study by Ishibashi et al. [6]. In the study of Weijs et al. [28], 1.9 g
protein per kg FFM is equated to 1.2 g protein per kg bodyweight.
This study shows a significantly higher increase of muscle mass
compared to lower protein intake. This might indicate that a pro-
tein requirement of 1.5 g of protein per kg of FFM is too low.

However, the study of Ishibashi et al. [6] is a short-term study,
carried out in a small specific research group, and the study ofWeijs
et al. [28] was conducted in obese elderly people participating in a
13-week weight loss program aiming at maintaining muscle mass
and/or muscle growth. Therefore it is important to do more
research to be able to translate these findings into practice.

This requires a long-term nitrogen balance study (with IVNAA)
in a large research group, with different age categories, BMI cate-
gories, gender and patients and healthy subjects, to get one step
closer to the actual protein requirement. Within this study there
should be a constant intake of protein in which randomized groups
with different protein intakes are compared. The muscle mass has
to be maintained in order to be able to determine in long term
which protein requirement gives the least loss in muscle mass. This
research is especially important for patients admitted to the hos-
pital and could be investigated by long-term monitoring of body-
weight and FFM in patients with chronical illness. BIA can be used
to determine FFM, taking into account patient's fluid balance. Based
on obtained information, an equation could be created to estimate
FFM for disease.

Data obtained from these studies, provide more clarity about
sufficient protein requirement in different target groups, which can
be implemented in practice.

5. Conclusion

In conclusion, there are large and clinically relevant differences
in protein requirement between approaches based on actual
bodyweight, corrected bodyweight and FFM and there are few
acceptable differences. In almost the entire population, protein
requirement based on FFM is lower than based on actual or cor-
rected bodyweight. Within patients with different BMI categories
there are large differences in protein requirement. Correction of
bodyweight reduces these differences, nevertheless, differences
remain unacceptably large. In addition, differentiation in gender
seems to be necessary to determine protein requirement due to
differences in body composition, which explains differences in
protein requirement between the methods within gender.

It is as yet unknown which method is best for determining
protein requirement. Logically protein requirement based on FFM
seems more accurate, Therefore, we would like to advocate for
more frequent measurement of FFM to determine protein re-
quirements, especially in participants in whom you can expect a
384
different body composition, such as elderly people and participants
with overweight, obesity or severe obesity. However, in practice it
is necessary to conduct more research into actual protein require-
ment of different target groups.
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