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Abstract

Objective: As obesity is recognized an independent risk factor for breast cancer recurrence, the
appropriate assessment of body composition is crucial to guide weight management in breast
cancer survivors (BCS). The purpose of this study was to assess whether Dual-Energy X-ray
Absorptiometry (DXA) and Bio-electrical Impedance Analysis (BIA) yield similar results for
body composition in BCS. We examined whether these results differed by BMI amongst our
cohort.

Methods: BCS (Stage I-111) who had completed cancer treatment within previous 6 months were
included. Body fat percentage, lean body mass, and fat mass were estimated using DXA (GE
Lunar Prodigy) and BIA (InBody 520) under fasting conditions in 89 BCS. BMI categories
included: normal (18-24.99 kg/m?; n=28), overweight (25.0-29.9 kg/m?; n=22), obese
(>30kg/m?; n=23), and severely obese BCS (>35kg/m?; n=17). Agreement between the devices
was assessed by Bland-Altman analysis.

Results: There was no agreement between the two devices for body fat percentage (DXA:
44.2+6.2% vs BIA: 40.4+7.8%), lean body mass (DXA: 39.1+7.6 kg vs BIA: 42.94£5.9 kg) and fat
mass (DXA: 32.4+10.8 kg vs BIA: 30.6+£11.0 kg; P<0.001). These findings were consistent in
normal, overweight, and obese BCS. There was agreement between the two devices for fat mass
(DXA: 48.7+7.2 kg vs BIA: 47.9+5.7 kg) in severely obese BCS (P=0.102), possibly due to small
sample size.

Conclusions: BIA may underestimate body fat percentage and fat mass and overestimate lean
body mass, compared to DXA. Future studies are warranted to assess the utilization of these two
devices in a larger cohort of BCS within BMI categories.
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Introduction

As obesity is increasingly recognized as a risk factor for breast cancer and its recurrence, the
assessment of body composition becomes vital to understanding overall health in breast
cancer survivors (BCS).[1] Although the association between body mass index (BMI) and
breast cancer risk and recurrence has been extensively studied among breast cancer
survivors, body composition (i.e. fat and lean mass) is recognized as an indicator of poor
prognosis which stimulates cancer progression through chronic inflammation in white
adipose tissue in breast cancer survivors. [2] BCS have a two- to three-fold higher
prevalence of obesity than other cancer survivors (i.e. kidney, pancreas, and thyroid cancer),
and it is estimated that obesity will cause more than 500,000 additional cases of cancer in
the U.S. by 2030.[3] Body composition in BCS has been measured by a variety of methods
including dual-energy X-ray absorptiometry (DXA),[4] computed tomography,[5] bio-
electrical impedance analysis (BIA),[6] skinfolds,[7] and magnetic resonance imaging
(MRI)[8] to describe and lower excessive body components (i.e., central adiposity, body fat
mass) known to be related to increased risk of cancer mortality and recurrence in BCS. Each
procedure has distinct advantages and disadvantages (i.e. accuracy, feasibility, cost, and
availability), however, some procedures may be limited for research investigations with BCS
due to availability and cost, [9] and may contribute to unreliable results of said clinical
studies.

DXA is a reliable measure for assessing body composition as it requires little effort of the
patient and has sound psychometric properties including high validity and reproducibility.
[10, 11] However, the use of DXA is limited due to availability and high cost. In contrast,
BIA is a more commonly used tool to estimate body composition due to safety (no x-ray
involved), accuracy, low cost and ease of use.[12, 13] Clinical breast studies have
extensively utilized BIA as a component of the clinical exam, however, little is known about
body composition values calculated by BIA in BCS, and how it is related to those same
values assessed by DXA. Particularly, BIA measurements are mostly influenced by a fasting
or a fed state. Temporary exercise can affect the accuracy of measurements by 3-8%
decrease, and thus BIA measurement must be standardized with caution. Despite these
limitations, BIA is non-invasive, low variations and can be performed in any clinical
populations

BIA may be a practical alternative measure for DXA when participants are classified by
BMI categories (i.e. normal, overweight, and obese).[14] Volgyi et al. (2008) evaluated to
what extent DXA and two different types of BIA yield similar results for body fat mass in 82
men and 86 women across different levels of obesity. BIA showed on average 2—-6% lower
value for fat mass in normal BMI men and women in all BMI categories. The difference
between BIA and DXA was smaller in overweight and obese women when measuring body
fat percentage, which implies feasible use of BIA in overweight and obese BCS. This study,
however, is limited in that body fat mass remains significantly different in BIA versus DXA
measurements based on their results; body fat percentage is the only measure that is not
significantly different per BIA and DXA. Consequently, this inconsistent data may influence
the use of body composition assessments in BCS in the clinical oncology setting. With such
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broad use of BIA in these settings currently, investigation is warranted into examining the
impact of BMI on accurately assessing body composition in BCS.

The purpose of this study was two-fold: 1) to assess whether DXA and BIA vyield similar
results for body composition including fat mass, body fat percentage and lean mass in BCS,
and 2) to assess whether the body composition results differed between the 2 devices within
BMI categories in BCS. We hypothesized: 1) BIA and DXA would have similar estimations
of body composition: fat mass, body fat percentage, and lean body mass, and 2) body
composition would not differ between DXA and BIA based on BMI in BCS.

Study Design

All assessments were performed as part of a larger ongoing clinical trial designed to
examine the effects of aerobic and resistance exercise on metabolic syndrome in overweight
and obese BCS.[15] Participants visited the lab as part of their baseline visit and body
composition assessments were performed under fasting conditions and similar testing order.
A licensed DXA technician performed the assessments for all participants. In brief, the
assessments were performed between 7:00-11:00 AM, in a temperature-controlled room,
after a 10-hour fast, and abstinence from alcohol, caffeine, and vitamins. With the exception
of food, alcohol, caffeine, and vitamins, participants were instructed to drink water if
needed. After 10 minutes of quiet rest, participants underwent BIA assessment using the
InBody 520 Body Composition Analyzer (BioSpace, Cerritos, CA, USA) in a normal
standing position with arms stretched at 15 degrees off the body during the analysis. Once
BIA assessment was completed, participants underwent a whole body DXA scan. All scans
were performed by the same licensed DXA technician using the same equipment and
processed according to the manufacturer’s instructions for a whole-body scan.

Study Population

Participants were included based on the following inclusion criteria: 1) newly diagnosed (I-
I11) with a first primary invasive breast cancer, 2) over the age of 18 years, 3) had undergone
a lumpectomy or mastectomy, 4) completed neoadjuvant/adjuvant chemotherapy and/or
radiation therapy within the previous 6 months, 5) BMI>25 kg/m? and/or body fat > 30%, 6)
Participated in less than 60 minutes of physical activity per week at time of study
enrollment, 7) Nonsmokers, 8) Willing to travel to the exercise facility, and 8) Able to
provide physician clearance to participate in exercise program. Exclusion criteria included 1)
diabetes, uncontrolled hypertension or thyroid disease, 2) weight reduction = 10% within
past 6 months, 3) metastatic disease, 4) planned reconstructive surgery, 5) pulmonary
disease, angina, atrial fibrillation, myocardial infarction, and stroke. The study was reviewed
and approved by the Institutional Review Board.

Anthropometrics.

Height and weight were measured on a medical scale (Detecto® 437, Webb City, MO) and
used to calculate BMI by the same experienced tester for all participants.
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BIA assessment.

The InBody 520 Body Composition Analyzer (BioSpace, Cerritos, CA, USA) was used to
measure body composition using eight points of tactile electrodes (i.e. two thumb, two palm,
two front sole, and two rear sole electrodes). Participants were asked not to perform any
physical tasks and were restrained from eating 4 hours before testing according to the
manufacturer’s instruction but participants were allowed to drink water. Age, height, and sex
were entered on the touch screen before the device starts measuring body composition.
Participants stood on the device with bare feet in contact with the electrode foot pads. Body
weight was measured by its own system built in the device. The device detects intracellular
and extracellular water levels separately using multi-frequency impedance plethysmograph
body composition analyzer, which measures reactance at three specific frequencies (5kHz,
50kHz, and 250kHz) to produce a total of 15 impedance values for 5 body segments [16].
Outcomes obtained from the device included lean body mass, fat mass, and body fat
percentage.

DXA assessment.

DXA (DPX-1Q 2288 with Smart Scan version 4.7e; Lunar Radiation Corporation, Madison,
WI, USA) was used to measure fat mass and body fat percentage and LM using a whole-
body scan. Full-quality assurance procedures were carried out daily using a bio-imaging
phantom acrylic block (VCP-057; Bio-Imaging Technologies, Inc., Newtown, PA, USA)
according to the instructions for use, which included a calibration of functionality, accuracy,
andprecision of densitometer. Participants were asked to wear comfortable exercise clothing
and remove items that can attenuate the x-ray beam including jewelry, body piercings, hair
accessories, and clothing with zippers, snaps, buckles, and buttons. Participants were
positioned supine on the bed of the DXA scanner, with arms slightly abducted. A total body
scan began at the subject’s head and scanned the entire body until completion at the feet.
Each scan lasted less than 10 minutes using a low-dose radiation x-ray and was performed
by a California state licensed DXA technician.

Statistical analysis.

Results

Data were checked for normality by Shapiro-Wilk’s W test prior to analysis. Descriptive
results are reported as means + SD. A Pvalue of <0.05 was considered statistically
significant. The Bland-Altman method was used to determine measures of agreement
between body composition from DXA and BIA. To assess differences in the 2 devices based
on body size, participants were categorized into 4 groups by BMI; normal, overweight,
obese, and severely obese BCS. BMI groups were defined according to national standards
(National Institutes of Health), normal BMI 18-24.99 kg/m?; overweight BMI 25.0-29.9
kg/m?2; obese as BMI 30-34.99 kg/m?, and severely obese (>35 kg/m?). SPSS for Windows
(version 22.0; SPSS, Inc., Chicago, IL, USA) was used to perform the statistical analyses.

The characteristics of the study population are presented in Table 1. The study population
included primarily Hispanic BCS (63.6%), had an average age of 52.7 (= 10.4) years, and
average BMI of 29.2+5.6 kg/m2. The elevated BMI was due to the inclusion criteria of BMI
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>25 kg/m? and/or body fat >30%), and may not precisely represent the whole BCS
population. Overall, participants had an elevated BMI above normal (18.5-24.9 kg/m?), and
waist circumference (96.9+13.1 cm) greater than normal (88 cm). Seventeen participants had
anormal BMI (18-24.99 kg/m?; 31%), 21 participants were overweight BMI (25.0-29.9
kg/m?2; 24%), 23 participants were obese BMI (30-34.99 kg/m?; 26%) and 17 participants
were severely obese BMI (35 kg/m?; 19%) The participants were diagnosed with mainly
stage 1A (n=33: 37%) breast cancer, were postmenopausal (n=50: 65%) and underwent a
mastectomy (n=60: 78%).

We examined the differences in body composition by BIA and DXA in all participants
(Table 2 and Figure 1). BIA and DXA provided significantly different body composition
estimations. In particular, DXA provided significantly higher estimates of body fat
percentage (44.2 + 6.2 vs 40.4 £7.8%) and fat mass (32.4 + 10.8 vs 30.6 + 11.0kg) as well as
a lower estimate of lean body mass (39.1 £ 7.6 vs 42.9 £+ 5.9kg) compared to BIA (P<0.01).
Body fat percentage measured by DXA was 8.6% higher compared to the estimates from
BIA (P<0.01). Fat mass measured by DXA was 9.7% higher compared to the estimates from
BIA (P<0.01). In contrast, lean body mass measured by DXA was 5.5% lower compared to
the value measured by BIA (P<0.01).

In order to assess differences among the two devices based on BMI, as noted in a previous
study [14], participants were stratified by BMI categories: normal, overweight, obese and
severely obese. Body composition values for DXA and BIA in the category of BMI are
presented in Table 3. In BCS with normal BMI (Figure 2), DXA reported significantly
higher estimates of body fat percentage (38.1 £ 4.3 vs 32.0 £ 5.4%) and fat mass (21.7 + 5.6
vs 19.1 + 4.5kg) compared to BIA (P<0.001) while DXA reported significantly lower lean
body mass (34.1 £ 9.6 vs 42.2 £ 7.6kg) relative to BIA (P<0.001).

The overweight BMI and obese BMI groups (Table 3) showed similar trends as the normal
BMI group. In overweight BMI group (Figure 3), DXA reported significantly higher
estimates of body fat percentage (43.3 + 3.8 vs 38.8 + 3.0%) and fat mass (29.6 £ 3.5 vs
27.3 £ 2.8kg) compared to BIA (P<0.001) while DXA reported significantly lower lean
body mass (39.0 £ 4.7 vs 43.2 + 4.6kg) relative to BIA (P<0.001). In obese BMI group
(Figure 4), DXA showed significantly (P<0.001) higher estimates of body fat percentage
(49.0 £ 4.2 vs 47.2 £3.8%) and fat mass (41.4 + 8.7 vs 40.3 £7.7kg) compared to BIA while
DXA reported significantly (P<0.05) lower lean body mass relative to BIA (42.6 £ 5.4 vs
44.8 £ 6.6kg).

When examining the differences in the assessment of body composition in the severely
obese group (Figure 5), body fat percentage and lean body mass were significantly (P<0.01)
different between the two devices, with DXA reporting a higher body fat percentage (51.1
+ 3.7 vs 49.6 + 2.8%) and lower lean body mass (46.4 + 4.9 vs 48.9 * 6.3kg) when
compared to BIA (P<0.01). However, fat mass (48.7 + 7.2 vs 47.9 + 5.7kg) was not
significantly different between the 2 devices (P>0.05).
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Discussion

Based on the search on PubMed, Web of Science, and Cochrane, this is the only study to
date, which determined agreement between DXA and BIA in cancer survivors. We found
that DXA and BIA provided significantly different estimations of body composition in BCS
for fat mass, body fat percentage, and lean body mass. In particular, DXA showed higher
estimations of body fat percentage and fat mass and lower estimations of lean body mass
when compared to BIA. This implies that BIA may underestimate fat mass and body fat
percentage without consideration of BMI in a population of BCS. Further, BIA provided
significantly higher lean body mass than DXA, suggesting that BIA may overestimate lean
body mass without consideration of BMI.

Using the Bland-Altman method, the present study indicated that there is a significant
difference between BIA and DXA for determining body composition in overall BCS, except
those within the severely obese BMI range. In severely obese BCS, DXA and BIA produced
similar estimation of fat mass, which indicates that BIA may be preferred to BMI at the
extremes of body composition. Our result is consistent with a previous study conducted by
\Volgyi et al., which examined the determination of fat mass and body fat percentage using
DXA and two different BIA devices (InBody 720 and Tanita BC 418 MA) in men and
women without serious metabolic, cardiovascular, or endocrine diseases.[14] The authors
revealed that the DXA and BIA provided similar estimation of fat mass in their obese BMI
group. However, body fat percentage and lean body mass were significantly different in our
study. This may suggest that body composition measured via BIA varies depending on BMI
categories, which is possibly due to the use of algorithms by BIA when determining fat mass
and body fat percentage.

A high number of Hispanic (64%) and postmenopausal women (58%) were involved in the
present study, A previous study has shown that menopausal status impacts the distribution of
fat (higher visceral fat), rather than total fat mass and percentage,[17] suggesting that total
fat mass and percentage may not be influenced by menopausal status. This may represent
that our findings are applicable to overall BCS regardless of menopausal status. In our post
hoc analysis, body fat percentage, lean body, and fat mass were not significantly different
between premenopausal and postmenopausal BCS, regardless of BMI category (data not
shown). This implies that our results may be applicable to overall BCS, regardless of
menopausal status.

The small sample size may have affected reliability and bias outcomes to detect significant
differences, particularly with regards to the BMI categories, thus findings in relation to these
measures should be interpreted with some caution. Further studies are therefore required to
consolidate these findings. Another limitation of this study is that we did not specifically
control the hydration level although we instructed the participants to be fasting prior to body
composition measures. This may result in misreporting and inaccuracy of data.

While BIA is an easy, non-invasive measure with low cost in clinical research settings, the
use of BIA in clinical oncology settings can be limited due to the variation of protocols,
different ethnic groups, body shape abnormalities, and possibly cancer treatment. In relation
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to our data, we included BCS who BMI >25 kg/m? and/or body fat >30%, which may have
affected the ability to detect differences between groups. Thus, future studies utilizing the
full spectrum of body habitus would be beneficial, and use of BIA requires further validation
in clinical oncology conditions with specific consideration of BMI, ethnicity, cancer
treatment and standardized protocol.

In summary, the body fat percentage, fat mass, and lean body mass of BCS differed when
measured by BIA and DXA. Compared to DXA, BIA underestimated fat mass and
overestimated lean body mass, suggesting that caution should be used when selecting which
device to assess body composition in this population. In contrast, fat mass was similar
between BIA and DXA in severely obese BCS. This implies that BIA needs to be used with
caution to assess fat mass when BCS are recognized as severely obese by BMI. Future
investigates are warranted to assess the utilization of these two devices in a larger cohort of
BCS across BMI categories.
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Figure 1.

Bland-Altman analysis plotted from body fat percentage (A) lean body mass (B) and fat
mass (C) among all participants Abbreviations: BIA, Bio-electrical Impedance Analysis;
DXA, Dual-Energy X-ray Absorptiometry
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Analysis; DXA, Dual-Energy X-ray Absorptiometry
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Bland-Altman analysis plotted from body fat percentage (A) lean body mass (B) and fat
mass (C) among severely obese BCS Abbreviations: BIA, Bio-electrical Impedance
Analysis; DXA, Dual-Energy X-ray Absorptiometry
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Table 1.

Descriptive participant characteristics (n=89).

Age (years)*

52.7 + 10.4 (29-76yr)

Race and Ethnicity, n (%)
American Indian or Native
Asian

Black or African American
Hispanic or Latino

White

0(0)
14 (16)
3(3)
51 (64)
21 (19)

BMI (kg/m?)*

Normal (18.5-24.9)
Overweight (25.0-29.9)
Obese (30.0-35.0)
Severely obese (>35.0)

292+56
28 (31)
21 (24)
23 (26)
17 (19)

Body Weight (kg)”

743 +16.7

. . *
Waist circumference (cm)

96.9+13.1

Hip circumference (cm) *

109.9+12.1

Cancer stage, n (%)
Stage |

Stage Il

Stage 111

39 (44)
36 (40)
14 (16)

Prior chemotherapy, n (%)
Yes
No

54 (61)
35 (39)

Surgery type, n (%)
Mastectomy

Lumpectomy

66 (74)
23 (26)

Menopausal status, n (%)
Premenopausal

Postmenopausal

37 (42)
52 (58)

*
Data presented as mean + SD

. Abbreviation: BMI, body mass index
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Table 2.
Body composition by DXA and BIA in BCS.

Body fat (%) | Lean body mass (kg) | Fat mass (kg)
DXA 442 +6.2 39.1+£7.6 32.4+£10.8
BIA 404+78 429+59 30.6+11.0
P-value P<0.01*

Abbreviations: BIA, Bio-electrical Impedance Analysis; DXA, Dual-Energy X-ray Absorptiometry

P value for Bland-Altman comparing multi frequency BIA to whole body DXA in 89 breast cancer survivors. The significance of P value shows
that body compositions measured by two devices are significantly different.
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Table 3.

Body composition by DXA and BIA in BCS based on BMI categories

BMI Body fat (%6) Lean body mass (kg) Fat mass (kg)
Normal DXA 38.1+4.3 P<0.001 * | DXA 341+£9.6 P<0.001 * | DXA 21.7+5.6 P<0.001 *
BIA | 320+54 BIA | 422+76 BIA | 19.1+45

Overweight DXA 43.3+3.8 P<0.001 * | DXA 39.0+4.7 P<0.001 * | DXA 29.6£35 P<0.001 *

BIA | 38.8+3.0 BIA | 43.2+46 BIA | 27.3%£28
Obese DXA 49.0+4.2 P<0.001 * | DXA 426+54 P<0.001 * | DXA 414 +8.7 P<0.05*
BIA | 47.2+38 BIA | 448+6.6 BIA | 403£7.7

Severely Obese | DXA | 511237 | pogor* | DXA | 46.4£49 | pegor* | DXA | 48772 | P=0.102

BIA | 49.6+2.8 BIA | 489%6.3 BIA | 479%57

Abbreviations: BIA, Bio-electrical Impedance Analysis; BMI, body mass index; DXA, Dual-Energy X-ray Absorptiometry;

*
P value for Bland-Altman comparing multi frequency BIA to whole body DXA in 89 breast cancer survivors. The significance of P value shows
that body compositions measured by two devices are significantly different.

fTotaI body water: Normal BMI: 29.5 + 3.6kg, overweight BMI: 31.7 + 3.2kg, obese BMI: 31.2 + 3.8kg, and severely obese BMI: 36.6 + 4.5kg
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