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s u m m a r y

Background & aims: High quality and precise methods are needed when monitoring changes in body
composition among colorectal cancer (CRC) patients and healthy subjects. The aim of this study was to
estimate precision of the Dual-energy X-ray absorptiometry (Lunar iDXA, GE Healthcare software
enCORE version 16) in measuring body composition in CRC patients and healthy subjects.
Methods: Precision error of iDXA in measuring body composition was investigated in the current study.
Thirty CRC patients and 30 healthy subjects, including both men and women underwent two consecutive
whole-body DXA scan with repositioning. Precision estimates of visceral adipose tissue (VAT) and
subcutaneous adipose tissue (SAT) in the abdominal region, and total fat mass (FM), fat-free mass (FFM),
lean mass (LM), bone mineral density (BMD) and bone mineral content (BMC) were calculated.
Results: Precision error expressed as coefficient of variation (% CV) of VAT and SAT were estimated to be
3.56% and 3.28% among CRC patients, and 5.30% and 3.46% among healthy subjects. Estimated precision
errors for body masses in the total region ranged between 0.49-1.01% and 0.40e0.88% in CRC patients
and healthy subjects, respectively. Least significant change (LSC) in VAT mass, SAT mass, FM and LM were
140.9 g, 121.4 g, 637.0 g and 701.0 g, respectively, among CRC patients. Among healthy subjects the LSC in
VAT, SAT, FM and LM were 80.93 g, 98.90 g, 484.0 g and 618.0 g, respectively. Only minor and non-
significant differences between the two consecutive measurements for each body compartment were
observed within both populations, and we found no systematic bias in the distribution of the differences.
Conclusion: The Lunar iDXA demonstrated high precision in body composition measurements among
both CRC patients and healthy subjects. Hence, iDXA is a useful tool in clinical following-up and in-
terventions targeted towards changes in body composition.
© 2021 The Authors. 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/).
1. Introduction difference is due to instrumental and technical factors [2]. Progress in
Precision errors refers to the closeness of agreement between
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our knowledge on the role of body composition for several health
outcomes relies on precise and noninvasive technologies able to
detect clinically significant changes. Precision error in body compo-
sition technologies has been shown to vary depending on the body
compartment as well as the region of interest; lean mass demon-
strates lower error than fat mass, and regional body masses show
higher precision errors than total body masses [1,3e5]. Moreover,
different population, such as different groups of age, BMI, physical
performance, hydration status, patients undergoing medication
and different treatment regimens, may also affect precision error
[1,3,5e16].

Due to technological advancements the last decades, Dual-
energy X-ray absorptiometry (DXA) is a valid tool in measuring
body compartments, and DXA's availability is increasing worldwide
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[1,6,17e20]. The newest instrument, GE Lunar iDXA, provides
measurements of fat mass, lean mass and bone mass [1,2,4]. Recent
improvements in the DXA software, enCORE™ and the application
CoreScan, allows in addition determination of abdominal adipose
tissue, including estimations of visceral adipose tissue (VAT) and
subcutaneous adipose tissue (SAT) [21,22].

The International Society of Clinical Densitometry recommend to
estimate precision error in samples of the population representative
of the DXA facility [2]. In the present study, we investigated the
precision error in sample of subjects representing two populations
frequently using our DXA facility at the Department of Nutrition,
University of Oslo, in Norway, i.e. colorectal cancer (CRC) patients
and healthy subjects participating in lifestyle interventions. Body
composition among healthy subjects is a key risk factor for devel-
oping chronic diseases [4,10,12,14e16]. Moreover, the results from
the healthy subjects may be used as reference values for other
populations with chronic diseases.

Most of the CRC patients experience changes in body composi-
tion mainly as a response to the disease itself but also due to
different treatment modalities, such as surgical resection, stoma,
chemo- or radiation therapy [23e33]. Moreover, CRC patients have
increased risk of developing additional concomitant diseases
related to body composition, such as cardiovascular diseases, dia-
betes, other malignancies and osteoporosis, as compared to healthy
subjects [34e39].

Several precision studies have been conducted with DXA in-
struments; however none is conducted in CRC patients. Moreover,
healthy subjects are a common population in many clinics under-
going lifestyle interventions or health care programs. Therefore, it
is important to estimate the precision of the GE Lunar iDXA in a CRC
population as well as in healthy subjects. The aim of the current
study was to estimate the precision of the GE iLunar DXA (enCORE
version 16) in measuring VAT, SAT, total fat mass (FM), total lean
mass (LM), fat-free mass (FFM), bone mineral density (BMD) and
bone mineral content (BMC) in CRC patients and healthy subjects.

2. Materials and methods

2.1. Participants

The International Society for Clinical Densitometry (ISCD)
recommend to include either 30 participants with two consecutive
scans or 15 participants with three consecutive scans in order to
have sufficient statistical power when calculating precision error. In
the present study, we performed two consecutive scans on 30
participants from two different populations. The first population
was randomly enrolled CRC patient participating at the follow-ups
visit in the ongoing randomized controlled dietary intervention
study, CRC-NORDIET study [40], and they were all over-night
fastened according to the protocol of the CRC-NORDIET study. In
addition, the study included healthy adult subjects living in the
Oslo area in Norway. and the healthy subjects were invited by
announcement through e-mail sent to all employees and students
at the Institute of Basic Medical Sciences, University of Oslo. They
were encouraged to also invite their friends and family living close
to the Oslo area. Since most of the studies in our DXA facility in-
cludes healthy subjects which are not over-night fastened, we
chose in the present study to follow the same protocol.

2.2. Data collection

All participants underwent two consecutive whole-body scans
with repositioning. A certified DXA operator (certified by the In-
ternational Society for Clinical Densitometry, Middletown, USA)
conducted all DXA scans and the position of the participants was
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according to themanufactures procedures [17]. Standard procedure
for all measurements included the use of lightweight clothing and
removal of all jewelry and other metal artifacts.

Height and weight of the participants were measured to the
nearest 0.1 cm by a digital stadiometer and scale (Seca 285, Bir-
mingham, UK). The scans were conducted on a GE iLunar DXA
enCORE software version 16, GE Healthcare, Madison,WI, USA). The
participants were positioned in a supine position on the scanning
table with the arms parallel to the body, without touching the body.
Tightening of legs below the knees and over the feet with straps
avoided any movements during the scanning. The straps were
removed between the two consecutive scans while dismounting
the scanning table. Similar procedure for positioning was followed
prior to the second DXA scan. All automatically calculated lines of
region of interest in the enCORE software were manually quality
checked and corrected when needed after each DXA scan by the
DXA operator. Fat mass distributed in the android region, such as
VAT and SAT, were measured. The enCORE software automatically
defined the android region as the distance from the top of the iliac
crest and 20% of the distance towards the lowest point of the
mandible (gnathion). All other tissues were measured from the
whole-body region. The GE Lunar calibration hydroxyapatite and
epoxy resin phantom was daily used in order to check the DXA
machine's calibration, which was found within acceptable limits of
variation.

2.3. Ethics

All participants provided signed informed consent prior to the
DXA scans approved by the regional Ethical committees and in
accordance with the Helsinki declaration. The study was approved
by the Norwegian Centre for Research Data (NSD, https://nsd.no)
(Ref.no. 965801).

2.4. Statistical analyses

Data analysis was computed usingMicrosoft Excel 2016 and IBM
SPSS Statistics software (Version 26, IBM, Armonk, NY, USA). All p-
values were two-sided independent-sample t-test with a signifi-
cance level of 5%. Participant descriptive data are presented as the
mean and standard deviation (SD). The precision parameters, such
as precision error expressed as the root mean squares of standard
deviation (RMS SD), coefficient of variation (% CV) and the resulting
least significant change (LSC) at the 95% confidence interval were
calculated as recommended by the International Society for Clinical
Densitometry (ISCD) and by using the ISCD online precision
calculating tool [41]. Paired consecutive measurements from 30
subjects were needed in the precision analyses according to the
ISCD protocol. This is based on the formula of degrees of freedom
which defines the number of measurements that independently
contribute to the mean squared standard deviation of the replicate
scans: “Number measurements of each subject-1 x Number sub-
jects in the study ¼ df). For example: 2 scans per subject-1 x 30
subject ¼ 30 df [2].

The percent coefficient of variation (% CV) was calculated by
dividing RMS SD by themean andmultiplied by 100. Least significant
change (LSC) is the least amount of change in body mass that can be
considered statistically significant and values above this may be
considered as clinical relevant value of change. The ISCD recom-
mends calculating this for a 95% confidence level, conducted by
multiplying the precision error by 2.77. If the difference is the same
or greater than the LSC, then the change is considered to be statis-
tically significant (LSC % CV¼ % CV* 2.77 (95% C.I.)). The LSC for RMS
SDwas calculated by multiplying the factor 2.77 by the value of RMS
SD. The use of BlandeAltman plots and the calculation of mean
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differences and limits of agreements at the 95% level explored
agreement between the paired measurements within each popula-
tion. One Sample t-test against the test value of zero was used to
investigate if there was statistical difference between the two
measurements.

3. Results

A total of 30 participants were included in each population,
andboth populations showed equal distribution in gender (i.e. 14
men and 16 women) (Table 1). The mean BMI of the CRC patients
and the healthy subjects was 26.2 kg/m2 and 24.3 kg/m2, respec-
tively. The colorectal cancer patients were significant older than the
healthy subjects, with a mean age of 65.7 years (þ/� 6.6 years) and
35.3 (þ/� 11.6) respectively. Significant higher amounts of VAT, SAT
(borderline significant), total FM and lower amounts of FFM, BMC
and BMD were found among the colorectal cancer patients
compared to the healthy subjects (Table 1). All the CRC patients
were Caucasians and the distribution of the tumor-node-metastasis
(TNM) stages of the disease were 10 patients (16.7%) with TNM I, 12
patients (20%) with TNM II and 8 patients with TNM III (13.3%) (data
not shown).

3.1. Precision estimates in CRC patients

Estimates of precisions in CRC patients are presented in Table 2.
Average VAT mass was estimated to be 1428.2 ± 1039.1 g (Table 1).
The precision estimate RMS SD for VAT mass was 50.84 g, corre-
sponding to a 3.56% CV. Average SAT was 1335.9 g (±588.2), with a
precision estimate RMS SD of 43.80 g, corresponding to 3.28% CV
(Tables 1 and 2). For total body masses such as FFM, FM, LM, BMD
and BMC, the precision estimates ranged from 0.49 to 1.01% CV
(Table 2). . In particular, lean masses (i.e. LM and FFM) showed
better precision than FM, with 0.49e0.54% CV and 0.88% CV,
respectively.

Changes in VAT mass above 140.9 g and in SAT mass above
121.4 g was considered as significant biological changes (LSC),
whereas for total FM and LM it was 637.0 g and 701.0 g, respectively
(Table 2).

The Bland Altman plot revealed small and non-significant (One
Sample t-test, p ¼ 0.344e0.888) mean differences between the
paired measurements for all body compartments. The mean
Table 1
Demographics, body composition and characteristics of the participants by population.

CRC patients (n ¼ 30)
(men ¼ 14, women ¼ 16)

Mean SD Minimum Maximum

Age (y) 65.7 6.6 52.0 77.0
Weight (kg) 76.0 14.5 45.9 106.3
Height (cm) 170.1 7.8 155.4 188.4
BMI (kg/m2) 26.2 4.2 16.1 34.7
VAT (g) 1428.2 1039.1 216.6 4773.8
VAT-volume (cm3) 1513.9 1101.4 229.6 5060.2
SAT (g) 1335.9 588.2 78.8 2415.8
SAT-volume (cm3) 1416.0 623.5 83.5 2560.7
FM (g) 25977.8 7540.1 11298.0 40146.5
LM (g) 46914.2 9745.0 32122.5 64969.5
FFM (g) 49486.1 10214.0 33911.6 67935.0
BMD (g/cm2) 1.155 0.149 0.930 1.460
BMC (g) 2571.9 563.7 1789.0 3665.6

CRC, colorectal cancer; BMI, Body mass index; VAT, visceral adipose tissue; SAT, subcuta
FM, total fat mass; LM, total lean mass; FFM, total fat-free mass; BMD, bone mineral den
BMC, bone mineral content. The value of all body compartments is a mean of the two co
Performed with DXA, Dual-energy X-ray Absorptiometry.
* p-value: two-sided, independent-sample t-test.
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difference in VAT mass was 4.4 g, whereas for SAT mass it was
1.6 g. Total lean masses (i.e. LM and FFM) and FM also showed
small mean differences between the two measurements, with
23.5e41.9 g and 57.1 g respectively. Moreover, the differences for
all body compartments were evenly distributed above and below
the mean difference, indicating no systematic bias (Table 3, Figs. 1
and 2).
3.2. Precision estimates in healthy subjects

Estimates of precision values among the healthy subjects are
presented in Table 2. The RMS SD for VAT mass was 29.2 g (average
551.7 g ± 758.5), corresponding to a 5.3% CV. For SAT mass, the
precision estimate RMS SD was 35.68 g on average 1030.9 g
(±617.3), corresponding to 3.46% CV (Tables 1 and 2). For total body
compartments, such as FFM, LM, BMC, BMD and FM, the precision
errors it ranged from 0.40 to 0.88% for (Table 2). The LSC for VAT
mass and SAT mass were 80.93 g and 98.90 g, respectively, and
considered as significant biological changes. Significant biological
changes in total FM and LM were 484.0 g and 618.0 g, respectively
(Table 2).

The Bland Altman plot among the healthy subjects revealed
small and non-significant (One Sample t-test, p ¼ 0.300e0.962)
mean differences between the paired measurements for all body
compartments. No systematic bias was observed due to the evenly
distribution of differences above and below the mean difference for
all body compartments (Table 3, Figs. 1 and 2).
4. Discussion

In the current study, we investigated the precision error of Lunar
iDXA in estimating regional fat masses (i.e. VAT and SAT), as well as
total body compartments, such as total FM, LM, FFM, BMD and BMC
in CRC patients and healthy subjects. Most other studies investi-
gating the precision of body composition by DXA focuses on a
narrow spectre of body compartments, in contrast to this study
[4,6,7,12e16,42].

In general, the precision errors by DXA in measuring different
body compartments in CRC patients and the healthy subjects were
in line with other studies [4,6,14e16]. Rothney et al. measured a
precision error for VAT mass around 5% (i.e. 50 g on a 1 kg VAT) in
Healthy subjects (n ¼ 30)
(men ¼ 14, women 16)

Mean SD Minimum Maximum p-value*

35.3 11.6 24.0 64.0 0.000
74.4 17.7 48.9 116.8 0.696
174.1 10.0 159.2 198.9 0.093
24.3 3.9 17.7 33.1 0.074
551.7 758.5 2.2 3504.9 0.000
584.8 804.0 2.3 3712.9 0.000
1030.9 617.3 140.5 2660.8 0.055
1092.8 654.4 148.9 2820.4 0.055
19759.8 7411.8 8207.5 37069.5 0.002
51498.8 12038.7 33492.0 75682.5 0.110
54399.9 12517.4 35879.0 79565.8 0.101
1.272 0.121 0.990 1.480 0.002
2901.1 534.3 2136.2 3915.8 0.024

neous adipose tissue.
sity.
nsecutive measurements.



Table 2
Precision estimates and least significant change by population.

CRC patients (n ¼ 30) Healthy subjects (n ¼ 30)

Precision LSC (95% CI) Precision LSC (95% CI)

ROI RMS SD %CV LSC-RMS SD LSC %CV RMS SD %CV LSC-RMS SD LSC %CV

VAT mass (g) 50.84 3.56 140.91 9.87 29.20 5.30 80.93 14.67
VAT-volume (cm3) 53.80 3.56 149.30 9.87 30.95 5.30 85.79 14.67
SAT mass (g) 43.80 3.28 121.41 9.09 35.68 3.46 98.90 9.59
SAT-volume (cm3) 46.43 3.28 128.69 9.09 37.82 3.46 104.84 9.59
FM (g) 230.00 0.88 637.00 2.45 175.00 0.88 484.00 2.45
LM (g) 253.00 0.54 701.00 1.49 223.00 0.43 618.00 1.20
FFM (g) 243.15 0.49 673.97 1.36 220.13 0.40 610.16 1.12
BMD (g/cm2) 0.01 0.66 0.02 1.82 0.01 0.69 0.02 1.92
BMC (g) 25.89 1.01 71.76 2.79 13.20 0.45 36.58 1.26

CRC, colorectal cancer; ROI, region of interest; RMS SD, root-mean-square error standard deviation; LSC, least significant change.
LSC-RMS SD, least significant change for the root-mean-square error standard deviation.
LSC % CV, least significant change for the root-mean-square percent coefficient of variation.
VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; FM, total fat mass.
LM, total lean mass; FFM, total fat-free mass; BMD, bone mineral density; BMC, bone mineral content.

Table 3
Bland Altman plot values, mean difference and limits of agreement of paired measurements by population.

CRC patients (n ¼ 30) Healthy subjects (n ¼ 30)

ROI Mean difference SD Upper LoA Lower LoA Mean difference SD Upper LoA Lower LoA

VAT mass (g) 4.2 73.0 147.3 �138.9 6.2 41.5 87.6 �75.2
VAT volume (cm3) 4.4 77.4 156.1 �147.2 6.6 44.0 92.8 �79.7
SAT mass (g) �1.6 63.0 121.8 �125.1 �2.3 51.3 98.1 �102.8
SAT volume (cm3) �1.7 66.8 129.1 �132.6 �2.5 54.3 104.0 �109.0
FM (g) 57.1 325.5 695.1 �580.9 �2.2 251.3 490.2 �494.7
LM (g) �23.5 363.0 688.0 �735.0 �27.5 319.3 598.4 �653.4
FFM (g) �41.9 347.1 638.5 �722.3 �23.7 315.7 595.1 �642.5
BMD (g/cm2) 0.0018 0.0108 0.0229 �0.0193 �0.0024 0.0126 0.0222 �0.0270
BMC (g) 1.3 37.2 74.3 �71.6 3.6 18.6 40.1 �32.9

CRC, colorectal cancer; ROI, region of interest; SD, standard deviation; LoA, limits of agreement.
VAT, visceral adipose tissue; SAT, subcutaneous adipose tissue; BMD, bone mineral density.
BMC, bone mineral content; FM, total fat mass; LM, total lean mass; FFM, total fat-free mass.
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both obese women and in a phantom experiment, which is com-
parable with the results of the present study [4].

Regional fat masses showed higher precision errors than total
body fat masses in both populations, also confirmed by other
studies [6,7,10,12,15,16]. The observed difference in precision errors
(i.e. expressed as lower % CV and the higher RMS SD and LSC RMS
SD) for VAT and SAT in the CRC population compared to the healthy
population may be due to the higher mean values of VAT and SAT in
the CRC population. These results are supported in other studies
investigating precision errors in groups with different BMI cate-
gories [6,14,15,42]. In particular, MereditheJones et al. reported
lower % CV with increasing BMI for all body compartments, and in
particular a very high % CV (44.8) for VAT mass among normal
weighted subjects [15].

The small mean differences between the two measurements for
all body compartments in both populations indicates high precision
of iDXA. Lean masses showed lower precision error compared to fat
masses in both populations, which also have been confirmed by
other studies [1,3e5].

The wide limits of agreements among the CRC patients in our
study reflects heterogeneity in body composition, which was ex-
pected due to the disease itself and treatment effects. It is of great
importance for each clinic or research centre to know the least
significant change for the different populations monitored in order
to reveal biological changes and thereby deliver the optimal
treatment. For instance, the LSC for VAT mass in CRC patients found
in the present study indicate that changes below 140.9 g may be
explained by the variation in the DXA machine, while changes
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above this value is seen as clinical relevant change. Likewise,
changes in VAT mass below 80.93 g among healthy subjects may be
due to technical aspects, whereas changes above might be a true
biological change.
4.1. Limitations and strengths

Limitations of this study is the mixture of both men and women,
different ages and BMI groups in both populations, shown to impact
the precision errors of different body compartments [1,4,6,10e16,43].
However, this combination of subjects are representative for the DXA
facility included in the current study, and contributes with valuable
knowledge about the precision error and least significant change
among these populations.

Strengths of this study is the exploration of the variability in
precision errors of the most commonly used body compartments
generated from the iDXA. Monitoring regional and total FM, LM and
bone mass is of great importance during following-up of patients
and estimating effects of interventions.

Another strength of this study is the use of one single operator
performing the DXA scans, excluding the effect of inter-operative
variability in the measurements. The results from this precision
study is of great relevance for other comparable populations, such as
subjects with other cancers or chronic diseases as well as other
healthy populations, in which monitoring changes in body compo-
sition are in focus. As far as we know, this is the first study to explore
DXA's precision in a CRC population.



Fig. 1. BlandeAltman plot between two measurements of (A) VAT mass, (B) SAT mass, (C) FM, (D) LM, (E) FFM, (F) BMD and (G) BMC in CRC patients.
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Fig. 2. BlandeAltman plot between two measurements of (A) VAT mass, (B) SAT mass, (C) FM, (D) LM, (E) FFM, (F) BMD and (G) BMC in healthy subjects.
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5. Conclusion

The present study revealed high precision of Lunar iDXA for all
body compartments in both CRC patients and healthy subjects. The
precision estimates are comparable with other studies. Generally,
higher % CV was found in regional compared to total body com-
partments in both populations. It is recommended for all clinics to
know the precision error and least significant change of the DXA
machine when interpreting body composition measurements in
different populations.

Statement of authorship

Hege Berg Henriksen, Conceptualization, Data curation, Formal
analysis, Investigation, Methodology, Project administration, Roles/
Writing - original draft, Writing e review & editing, Dena Helene
Alavi, Conceptualization, Data curation, Investigation, Methodology,
Resources, Project administration, Supervision, Writing e review &
editing. Rune Blomhoff, Conceptualization, Funding acquisition,
Methodology, Project administration, Supervision, Writing e review
& editing.

Conflict of interest and funding sources

Rune Blomhoff is a shareholder of Vitas, Oslo, Norway. The
remaining authors declare that there are no conflicts of interest. This
work was supported by the Throne Holst Foundation of Nutrition
Research, University of Oslo, Norway.

Acknowledgements

We would like to thank all the participants for their valuable
contribution to this study. In addition, we would like to thank
statistican Maiju Pesonen, Department of Biostatistics, Faculty of
Medicine, University of Oslo, for the valuable contribution in sta-
tistical analyses.

References

[1] Toombs RJ, Ducher G, Shepherd JA, De Souza MJ. The impact of recent tech-
nological advances on the trueness and precision of DXA to assess body
composition. Obesity 2012;20(1):30e9.

[2] Baim S, Wilson CR, Lewiecki EM, Luckey MM, Downs RW, Lentle BC. Precision
assessment and radiation safety for dual-energy X-ray absorptiometry: posi-
tion paper of the international society for clinical Densitometry. J Clin Den-
sitom 2005;8(4):371e8.

[3] Libber J, Binkley N, Krueger D. Clinical observations in total body DXA: tech-
nical aspects of positioning and analysis. J Clin Densitom 2012;15(3):282e9.

[4] Rothney MP, Xia Y, Wacker WK, Martin FP, Beaumont M, Rezzi S, et al. Pre-
cision of a new tool to measure visceral adipose tissue (VAT) using dual-
energy X-Ray absorptiometry (DXA). Obesity 2013;21(1):E134e6.

[5] Bazzocchi A, Ponti F, Albisinni U, Battista G, Guglielmi GDXA. Technical aspects
and application. Eur J Radiol 2016;85(8):1481e92.

[6] Carver TE, Christou NV, Andersen RE. In vivo precision of the GE iDXA for the
assessment of total body composition and fat distribution in severely obese
patients. Obesity 2013;21(7):1367e9.

[7] Chang HC, Lin YC, Ng SH, Cheung YC, Wang CH, Chen FP, et al. Effect of
chemotherapy on dual-energy X-ray absorptiometry (DXA) body composition
precision error in head and neck cancer patients. J Clin Densitom 2019;22(3):
437e43.

[8] Abrahamsen B, Hansen TB, Høgsberg IM, Pedersen FB, Beck-Nielsen H. Impact
of hemodialysis on dual X-ray absorptiometry, bioelectrical impedance mea-
surements, and anthropometry. Am J Clin Nutr 1996;63(1):80e6.

[9] Toomey CM, McCormack WG, Jakeman P. The effect of hydration status on the
measurement of lean tissue mass by dual-energy X-ray absorptiometry. Eur J
Appl Physiol 2017;117(3):567e74.

[10] Barlow MJ, Oldroyd B, Smith D, Lees MJ, Brightmore A, Till K, et al. Precision
error in dual-energy X-ray absorptiometry body composition measurements
in elite male rugby league players. J Clin Densitom 2015;18(4):546e50.

[11] Goldberg EK, Fung EB. Precision of the hologic DXA in the assessment of
visceral adipose tissue. J Clin Densitom 2020;23(4):664e72. https://doi.org/
10.1016/j.jocd.2019.03.005.
322
[12] Hind K, Oldroyd B, Truscott JG. In vivo precision of the GE Lunar iDXA
densitometer for the measurement of total body composition and fat distri-
bution in adults. Eur J Clin Nutr 2011;65(1):140e2.

[13] Jaworski M, Pludowski P. Precision errors, least significant change, and
monitoring time interval in pediatric measurements of bone mineral density,
body composition, and mechanostat parameters by GE lunar prodigy. J Clin
Densitom 2013;16(4):562e9.

[14] Mellis MG, Oldroyd B, Hind K. In vivo precision of the GE Lunar iDXA for the
measurement of visceral adipose tissue in adults: the influence of body mass
index. Eur J Clin Nutr 2014;68(12):1365e7.

[15] Meredith-Jones K, Haszard J, Stanger N, Taylor R. Precision of DXA-derived
visceral fat measurements in a large sample of adults of varying body size.
Obesity 2018;26(3):505e12.

[16] Rezzi S, Ginty F, Beaumont M, Blondel-Lubrano A, Oguey-Araymon S,
Wacker W, et al. Body composition precision with the lunar iDXA. J Clin
Densitom 2009;12(3):402.

[17] Hangartner TN, Warner S, Braillon P, Jankowski L, Shepherd J. The Official
Positions of the International Society for Clinical Densitometry: acquisition of
dual-energy X-ray absorptiometry body composition and considerations
regarding analysis and repeatability of measures. J Clin Densitom 2013;16(4):
520e36.

[18] Watson LPE, Venables MC, Murgatroyd PR. An investigation into the differ-
ences in bone density and body composition measurements between 2 GE
lunar densitometers and their comparison to a 4-component model. J Clin
Densitom 2017;20(4):498e506.

[19] Shepherd JA, Ng BK, Sommer MJ, Heymsfield SB. Body composition by DXA.
Bone 2017;104:101e5.

[20] Alavi DH, Henriksen HB, Lauritzen PM, Kværner AS, Sakinis T, Langleite TM,
et al. Quantification of adipose tissues by Dual-Energy X-Ray Absorptiometry
and Computed Tomography in colorectal cancer patients. Clinical Nutrition
ESPEN 2021;43:360e8. https://doi.org/10.1016/j.clnesp.2021.03.022.

[21] Albanese CV, Diessel E, Genant HK. Clinical applications of body composition
measurements using DXA. J Clin Densitom 2003;6(2):75e85.

[22] Andreoli A, Scalzo G, Masala S, Tarantino U, Guglielmi G. Body composition
assessment by dual-energy X-ray absorptiometry (DXA). Radiol Med
2009;114(2):286e300.

[23] Barbosa LR, Lacerda-Filho A, Barbosa LC. Immediate preoperative nutritional
status of patients with colorectal cancer: a warning. Arq Gastroenterol
2014;51(4):331e6.

[24] Caan BJ, Meyerhardt JA, Kroenke CH, Alexeeff S, Xiao J, Weltzien E, et al.
Explaining the obesity paradox: the association between body composition
and colorectal cancer survival (C-scans study). Canc Epidemiol Biomarkers
Prev 2017;26(7):1008e15. a publication of the American Association for
Cancer Research, cosponsored by the American Society of Preventive
Oncology.

[25] Hopkins JJ, Reif R, Bigam D, Baracos VE, Eurich DT, Sawyer MM. Change in
skeletal muscle following resection of stage I-III colorectal cancer is predictive
of poor survival: a cohort study. World J Surg 2019;43(10):2518e26.

[26] Hopkins JJ, Reif RL, Bigam DL, Baracos VE, Eurich DT, Sawyer MB. The impact of
muscle and adipose tissue on long-term survival in patients with stage I to III
colorectal cancer. Dis Colon Rectum 2019;62(5):549e60.

[27] Malietzis G, Aziz O, Bagnall NM, Johns N, Fearon KC, Jenkins JT. The role of
body composition evaluation by computerized tomography in determining
colorectal cancer treatment outcomes: a systematic review. Eur J Surg Oncol
2015;41(2):186e96.

[28] Malietzis G, Currie AC, Athanasiou T, Johns N, Anyamene N, Glynne-Jones R,
et al. Influence of body composition profile on outcomes following colorectal
cancer surgery. Br J Surg 2016;103(5):572e80.

[29] Tsaousi G, Kokkota S, Papakostas P, Stavrou G, Doumaki E, Kotzampassi K.
Body composition analysis for discrimination of prolonged hospital stay in
colorectal cancer surgery patients. Eur J Canc Care 2017;26(6).

[30] Xiao J, Caan BJ, Cespedes Feliciano EM, Meyerhardt JA, Peng PD, Baracos VE,
et al. Association of low muscle mass and low muscle radiodensity with
morbidity and mortality for colon cancer surgery. JAMA Surg 2020;155(10):
942e9. https://doi.org/10.1001/jamasurg.2020.2497.

[31] Yip C, Dinkel C, Mahajan A, Siddique M, Cook GJ, Goh V. Imaging body
composition in cancer patients: visceral obesity, sarcopenia and sarcopenic
obesity may impact on clinical outcome. Insights Imaging 2015;6(4):489e97.

[32] Kazemi-Bajestani SM, Mazurak VC, Baracos V. Computed tomography-defined
muscle and fat wasting are associated with cancer clinical outcomes. Semin
Cell Dev Biol 2016;54:2e10.

[33] Pin F, Couch ME, Bonetto A. Preservation of muscle mass as a strategy to
reduce the toxic effects of cancer chemotherapy on body composition. Curr
Opin Support Palliat Care 2018;12(4):420e6.

[34] Pedrazzani C, Cerullo G, De Marco G, Marrelli D, Neri A, De Stefano A, et al.
Impact of age-related comorbidity on results of colorectal cancer surgery.
World J Gastroenterol : WJG 2009;15(45):5706e11.

[35] Shack LG, Rachet B, Williams EM, Northover JM, Coleman MP. Does the timing
of comorbidity affect colorectal cancer survival? A population based study.
Postgrad Med 2010;86(1012):73e8.

[36] van Leersum NJ, Janssen-Heijnen ML, Wouters MW, Rutten HJ,
Coebergh JW, Tollenaar RA, et al. Increasing prevalence of comorbidity in
patients with colorectal cancer in the South of The Netherlands 1995-
2010. International journal of cancer Journal international du cancer
2013;132(9):2157e63.

http://refhub.elsevier.com/S2405-4577(21)00205-9/sref1
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref1
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref1
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref1
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref2
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref2
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref2
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref2
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref2
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref3
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref3
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref3
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref4
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref4
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref4
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref4
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref5
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref5
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref5
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref6
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref6
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref6
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref6
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref7
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref7
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref7
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref7
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref7
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref8
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref8
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref8
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref8
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref8
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref9
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref9
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref9
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref9
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref10
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref10
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref10
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref10
https://doi.org/10.1016/j.jocd.2019.03.005
https://doi.org/10.1016/j.jocd.2019.03.005
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref12
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref12
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref12
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref12
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref13
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref13
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref13
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref13
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref13
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref14
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref14
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref14
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref14
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref15
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref15
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref15
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref15
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref16
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref16
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref16
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref17
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref17
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref17
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref17
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref17
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref17
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref18
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref18
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref18
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref18
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref18
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref19
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref19
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref19
https://doi.org/10.1016/j.clnesp.2021.03.022
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref21
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref21
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref21
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref22
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref22
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref22
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref22
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref23
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref23
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref23
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref23
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref24
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref24
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref24
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref24
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref24
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref24
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref24
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref25
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref25
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref25
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref25
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref26
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref26
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref26
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref26
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref27
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref27
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref27
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref27
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref27
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref28
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref28
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref28
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref28
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref29
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref29
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref29
https://doi.org/10.1001/jamasurg.2020.2497
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref31
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref31
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref31
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref31
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref32
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref32
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref32
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref32
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref33
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref33
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref33
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref33
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref34
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref34
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref34
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref34
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref35
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref35
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref35
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref35
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref36
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref36
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref36
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref36
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref36
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref36


H.B. Henriksen, D.H. Alavi and R. Blomhoff Clinical Nutrition ESPEN 44 (2021) 316e323
[37] Yabroff KR, Lawrence WF, Clauser S, Davis WW, Brown ML. Burden of illness
in cancer survivors: findings from a population-based national sample. J Natl
Cancer Inst 2004;96(17):1322e30.

[38] Yancik R, Havlik RJ, Wesley MN, Ries L, Long S, Rossi WK, et al. Cancer and
comorbidity in older patients: a descriptive profile. Ann Epidemiol 1996;6(5):
399e412.

[39] Barzi A, Hershman DL, Till C, BarlowWE, Ramsey S, Lenz HJ, et al. Osteoporosis
in colorectal cancer survivors: analysis of the linkage between SWOG trial
enrollees and Medicare claims. Arch Osteoporos 2019;14(1):83.

[40] Henriksen HB, Ræder H, Bøhn SK, Paur I, Kværner AS, Billington S, et al. The
Norwegian dietary guidelines and colorectal cancer survival (CRC-NORDIET)
323
study: a food-based multicentre randomized controlled trial. BMC Canc
2017;17(1):83.

[41] International Society for Clinical Densitometry (ISCD). Available from: https://
www.iscd.org/resources/calculators/precision-calculator/; 2020.

[42] Ergun DL, Rothney MP, Oates MK, Xia Y, Wacker WK, Binkley NC. Visceral
adipose tissue quantification using Lunar Prodigy. J Clin Densitom 2013;16(1):
75e8.

[43] de Knegt VE, Carlsen EM, Bech Jensen JE, Lade Rasmussen AM, Pryds O. DXA
performance in a pediatric population: precision of body composition mea-
surements in healthy term-born infants using dual-energy X-ray absorpti-
ometry. J Clin Densitom 2015;18(1):117e23.

http://refhub.elsevier.com/S2405-4577(21)00205-9/sref37
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref37
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref37
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref37
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref38
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref38
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref38
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref38
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref39
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref39
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref39
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref40
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref40
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref40
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref40
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref40
https://www.iscd.org/resources/calculators/precision-calculator/
https://www.iscd.org/resources/calculators/precision-calculator/
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref42
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref42
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref42
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref42
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref43
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref43
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref43
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref43
http://refhub.elsevier.com/S2405-4577(21)00205-9/sref43

	Precision of Lunar Dual-energy X-ray Absorptiometry (iDXA) in measuring body composition among colorectal cancer patients a ...
	1. Introduction
	2. Materials and methods
	2.1. Participants
	2.2. Data collection
	2.3. Ethics
	2.4. Statistical analyses

	3. Results
	3.1. Precision estimates in CRC patients
	3.2. Precision estimates in healthy subjects

	4. Discussion
	4.1. Limitations and strengths

	5. Conclusion
	Statement of authorship
	Conflict of interest and funding sources
	Acknowledgements
	References


