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Abstract

Objectives: The accuracy of different bioelectrical impedance analysis (BIA) devices for
assessing body composition in children with obesity is unclear. We determined the relative
accuracy of two BIA devices compared to dual x-ray absorptiometry (DXA) in obese and severely
obese children.

Methods: We measured body composition in a cross-sectional study of 78 obese children by a
handheld single frequency tetrapolar BIA device (Omron), a stationary multifrequency octopolar
BIA device (InBody 370) and DXA. Inter-method agreement was assessed by intraclass
correlations, paired t-tests, and Bland-Altman analyses.

Results: Participants (37% female, age 14.8+2.7 years) had mean (xSD) BMI of 36.7+7.5 kg/m?,
body fat percentage of 46.4+5.2% and appendicular lean mass of 22.5+6.0 kg by DXA. Intraclass
correlations with DXA for body fat percentage were 0.39 and 0.87 for single frequency tetrapolar
and multifrequency octopolar BIA devices, respectively. The single frequency tetrapolar BIA
underestimated body fat percentage by 5.5+2.9% (p<0.0001). Differences between the
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multifrequency octopolar BIA and DXA for body fat percentage (—1.1+2.8%) and appendicular
lean mass (—0.3+1.4 kg) were small, and 95% limits of agreement were approximately + 5%.

Conclusions: BIA machines vary in relative accuracy in measuring body composition in
children who are obese and severely obese. The multifrequency octopolar BIA device accurately
estimated body fat percentage and appendicular lean mass relative to DXA and has the advantage
of point of care performance.
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Body fat percentage; appendicular lean mass; adiposity; fat mass

INTRODUCTION

Obesity is increasingly common among children with gastrointestinal and liver diseases, due
to global increases in pediatric obesity (1-3). It is important to accurately assess adiposity to
determine to what degree obesity may influence pathophysiology, response to treatment
and/or health outcomes across a variety of conditions, including nonalcoholic fatty liver
disease, liver transplantation, pancreatic disorders and inflammatory bowel disease (4-6).
While body mass index (BMI) is a commonly used, indirect measure of adiposity, it cannot
reliably assess body composition. Direct measurement of fat mass, lean body mass and
relative adiposity (percent body fat) remains important in clinical care and in research to
accurately assess severity of adiposity, its impact on disease pathophysiology, and the
efficacy of interventions.

The gold standard for body composition measurements uses multi-compartment models
involving estimates of weight, body volume, body density, bone mineral content and total
body water, but is not feasible in clinical or community settings (7-9). Dual energy x-ray
absorptiometry (DXA) is frequently used to measure body composition, as it has been
shown to be relatively accurate compared to 4 compartment models (8, 10, 11). DXA
provides measures of body fat mass, lean mass, bone mineral content and body fat
percentage of the whole body and of sub-regions, such as the arms and legs (11). However,
DXA is not portable, cannot be performed at point of care and involves radiation exposure,
limiting broad application in clinical care and in community settings. Bioelectrical
impedance analysis (BIA) does not suffer these limitations and is easy to use making it
attractive for measurement of body composition in both clinical and non-clinical settings
(12).

BIA measures body composition by applying a small alternating current to the body and
measuring electrical resistance and reactance. Total body water is calculated from resistance
measures and height or limb length and involves assumptions about body shape. In turn,
calculation of body composition from total body water involves assumptions of intracellular
fluid composition, which may vary according to age (13), disease conditions (12), and
obesity (14, 15). BIA devices that utilize electrical currents at multiple frequencies may
better distinguish intracellular and extracellular water compared to those using only a single
frequency (12). Tetrapolar BIA devices, using 4 electrode contact points (2 per foot or hand),
yield estimates of body composition of the whole body, whereas octopolar devices, using 8
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electrode contact points (2 per foot and 2 per hand), can estimate both whole body
composition as well as body composition of the arms and legs separately. BIA devices from
different manufacturers utilize proprietary equations involving height and weight, and
sometimes age, sex and assessment of athletic build or health status for estimating percent
body fat, fat mass and fat free mass.

Several independent studies have shown BIA to be relatively accurate for estimating body
composition in adults, which has resulted in the development of clinical guidelines for use of
BIA in several populations, including healthy adults, adults at risk of malnutrition, as well as
those who are overweight/obese (12, 16-18). However, the limited data assessing the
accuracy of current BIA devices in overweight/obese adults have shown mixed results (19—
21). Similarly, in obese and severely obese children, there is no consensus regarding the
relative accuracy of various types of BIA devices (22-24). Given the increasingly high
global prevalence of pediatric obesity, especially severe obesity (25), it is important to
determine the accuracy of different types of BIA in affected children to assess utility in
clinical care and research endeavors.

Our aim, therefore, was to examine the relative accuracy of two BIA devices, a stationary, 8
electrode, multiple frequencies (MF8 BIA) device and a handheld, single frequency, 4
electrode (SF4 BIA) device, relative to DXA for measuring body composition in obese and
severely obese children. In addition, we evaluated the MF8 BIA device relative to DXA for
measurement of appendicular lean mass. We chose DXA as our reference method for several
reasons: it has been shown to be accurate relative to more detailed reference methods; it is
commonly used as a reference method; it is used clinically for assessing body composition;
and U.S reference ranges for body composition are based on DXA.(26-28)

METHODS

We conducted a cross-sectional study of children and adolescents recruited from a variety of
clinics at Cincinnati Children’s Hospital that see overweight, obese and severely obese
children in whom assessment of body compaosition information may be clinically
meaningful. These included the gastroenterology/nonalcoholic fatty liver disease, pediatric
weight management, adolescent bariatric surgery, lipid/hypertension and primary care
clinics. We also recruited participants via hospital-wide email advertisements. Inclusion
criteria were ages 8-19 years with overweight, obese or severely obese status, defined
according to current pediatric criteria: overweight BMI > 85! percentile for age and sex;
obese BMI > 95 percentile for age and sex; severely obese BMI = 120% of the 95t
percentile for age and sex or > 35 kg/m?2, whichever is lower.(29) Individuals over 400
pounds, with metal jewelry or devices that could not be removed (except for earrings and
braces), and those with a history of chronic illnesses that could affect fluid status were
excluded. The study was approved by the Institutional Review Board at Cincinnati
Children’s Hospital, and all participants and/or their legal guardians provided informed
consent and assent, as appropriate for age.

We obtained information by questionnaire about demographics, medical history, including
diabetes type 2, hypertension, dyslipidemia, and current medication use. Weight was
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measured in duplicate and height was measured in triplicate using a wall-mounted
stadiometer following standard techniques by trained study staff. Participants were lightly
clothed and without shoes and stockings for measurements. Participants were instructed to
fast for 12 hours with the exception of 6-8 ounces of water prior to the measurements.

We obtained BIA measurements using an octopolar (8 electrode) method employing
multiple frequencies (5, 50 and 250 kHz) [MF8 BIA] (InBody 370©, Inbody USA, Cerritos,
CA). Participants stood on the scale foot pads (2 electrode contact points per foot) and held a
handle in each hand (containing 2 electrode contact points per hand) for about 1 minute for
the BIA measurement. Height, sex, and age were entered into the device. Results were
reported as lean body mass, skeletal muscle mass, body fat mass, body fat percentage, as
well as the skeletal muscle mass of each extremity. The latter was summed to obtain an
estimate of appendicular lean mass comparable to DXA. We also obtained BIA
measurements using a handheld 4 electrode device that employs a single frequency (50 kHz)
[SF4 BIA] (Omron Portable Body Fat Analyzer, Omron Healthcare, Inc., Hoffman Estates,
IL). The participant held the device with both hands for approximately one minute. Height,
weight, sex, and age were entered into the device and the “normal” setting (vs. “athlete”)
was selected for calculation of body fat percentage. The device indicated error for body fat
percentage values above 50% (device-specific limitation) for 3 participants who were
subsequently excluded from the Omron analysis. We could not obtain Omron BIA
measurement on 3 children who were less than 10 years of age, as the device’s lower limit
for age was 10 years.

Whole body DXA scans were acquired using a Hologic® Horizon (Hologic Inc.,
Marlborough, MA) densitometer. The high precision mode was used to account for thicker
abdomens (> 11 inches) of the overweight and obese participants as recommended by the
manufacturer. Scans were analyzed using standard procedures with Hologic software version
Apex 5.5. We used the NHANES body composition analysis option, which was based on a
study calibrating DXA body composition estimates to those of more detailed reference
methods.(26) The NHANES option yields body fat percentage estimates that are about 4.5%
higher than when it is turned off. We chose this analysis option because national reference
data for body composition were derived using this option, and lean and fat mass results on
the DXA report are expressed as age-, sex- and race-specific percentiles compared to
national reference data. Appendicular lean soft tissue was derived from the sum of lean mass
in the arms and legs excluding bone mineral content. DXA scans were performed within 2
hours of the BIA measurements by technicians who were unaware of the BIA results.

Data were analyzed using SAS®, version 9.4 (SAS Institute, Cary, NC). Continuous data
were summarized as mean + standard deviation and categorical data were summarized as
frequency counts and percentages. Agreement and limits of agreement between BIA and
DXA was assessed by use of Pearson correlations, intraclass correlation coefficients, paired
t-tests, and Bland-Altman analyses. Linear regression was used to test whether there was a
differential vs. systematic bias between the BIA and DXA estimates of body composition. P
<0.05 was considered statistically significant. Specific comparisons were body fat
percentage and fat mass by MF8 and SF4 vs. DXA, and appendicular lean mass by MF8 vs.
DXA. Sensitivity analyses were also conducted to determine if outcomes differed when the

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2021 June 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnue Joyiny

1duosnuen Joyiny

Khan et al. Page 5

sample was restricted to white, non-Hispanic participants. The smaller sample of black and
Hispanic participants precluded separate analyses in these groups.

RESULTS

Participant characteristics

We enrolled 78 participants with a mean age of 14.8 + 2.7 years and mean BMI of 36.7 + 7.5
kg/m2 (BMI Z-score: 2.4 + 0.4). Seventy-eight percent of participants were severely obese
(BMI =120% above the 95 percentile). The majority of participants were Caucasian (88%),
reflecting the regional population. Participants had multiple comorbidities related to obesity
including non-alcoholic fatty liver disease, diabetes mellitus type 2, hypertension,
hyperlipidemia, and hypertriglyceridemia (Table 1).

Body composition

Body fat percentage by the SF4 device could not be measured for 3 participants due to body
fat above 50% (device-specific limitation) and for 3 other participants who were younger
than 10 years of age (device lower age limit). Thus, the analysis cohort for the SF4 device
included 72 participants and for the MF8 device included all 78 participants (Table 2). Body
fat percentage estimates from the SF4 and MF8 BIA devices were correlated with those
from DXA with Pearson correlation coefficients, which considers the linear association, and
were 0.82 and 0.90 (both considered good). The intraclass correlation coefficients, which
takes into account differences in the means as well as linear association, were 0.39
(considered poor) and 0.87 (good), respectively (Figure 1a and 1b). An intraclass correlation
coefficient of < 0.5 is considered to be poor, 0.75-0.90 is considered to be good, and greater
than 0.90 is excellent.(30) For fat mass, the Pearson correlation coefficients were 0.97 and
0.99 and the intraclass correlation coefficients were 0.92 and 0.99 (excellent) for the SF4
and MF8 BIA devices compared to DXA, respectively (Figure 1c and 1d). Table 2 shows the
mean body fat percentage and fat mass by DXA and the two BIA machines. Although the
MF8 BIA fat percentage values were statistically lower than those from DXA (mean
difference —1.1 + 2.8%, p=0.001), the magnitude of this difference was relatively small. The
limits of agreement, defined as + 2 SD, were approximately —5% to +5%. In contrast, body
fat percentage by the SF4 BIA device was appreciably lower than by DXA (mean difference
-5.5 £ 2.9%, p<0.0001). Similarly, fat mass estimated by the SF4 device was also on
average 5.7 + 2.9 kg lower than by DXA. Restricting the sample to non-Hispanic whites did
not appreciably alter the results or conclusions (data not shown). Bland-Altman analyses
showed that the SF4 BIA device systematically underestimated body fat percentage and fat
mass compared to DXA across the range examined (Figure 2a and 2c). In contrast, there was
a small differential bias between the MF8 BIA device and DXA (Figure 2b and 2d).
Agreement varied according to percentage body fat: the MF8 BIA device slightly
overestimated fat percentage above 46% and slightly underestimated below 46% (p=0.0004).

Lean mass of the arms and legs separately and combined (appendicular lean mass) estimated
using the MF8 BIA device statistically differed from measurements obtained by DXA (Table
2), however the magnitude of the differences were very small. After restricting the sample to
white, non-Hispanic participants, the difference in appendicular lean mass further decreased
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from -0.3 kg to —0.2 kg and was no longer statistically significant. Supplementary Figure 1
shows the Bland-Altman plot for the differences in the appendicular lean mass
measurements, which is often used clinically as an assessment of muscle mass.

DISCUSSION

BIA is an attractive method for measuring body composition of children however the
relative accuracy of diverse, yet commonly used, BIA devices in obese and severely obese
children has been unclear. We found that the MF8 BIA device (InBody 370) was relatively
accurate for estimating body fat percentage (mean difference from reference of -1.1% +
2.8%) in obese and severely obese children, however the SF4 BIA device (Omron Portable
Fat Analyzer) produced estimates of body fat percentage that were systematically 5.5%
lower than DXA. Importantly, the handheld SF4 BIA machine, though highly portable and
inexpensive, could not be used in patients less than 10 years of age or with a body fat
percentage above 50%, limiting applicability in younger children or in those with severe
obesity. The MF8 BIA did not have this limitation, but there was a small differential bias so
that as body fat percentage increased, the MF8 BIA device slightly underestimated the body
fat percentage relative to DXA. However, MF8 BIA was overall a reasonably accurate
alternative to DXA for assessing body fat in obese and severely obese children, with 95%
limits of agreement within approximately + 5 for both body fat percentage and body fat
mass (Figure 2). Further, the current cost of MF8 BIA devices (several thousands of dollars)
are substantially lower than DXA machines that average about 10-fold higher in cost.

The MF8 BIA machine also provided a relatively accurate estimate of segmental
(appendicular) lean mass compared to DXA with a mean difference of -0.3 £ 1.4 kg. This
finding is advantageous as appendicular lean mass can be used monitor the impact of
exercise interventions and to estimate sarcopenia. Readily accessible measurements of
appendicular lean mass would facilitate pediatric studies to better understand the role of
sarcopenia in mediating the risk of obesity-related conditions, such as type 2 diabetes and
nonalcoholic fatty liver disease (NAFLD), a concern that has emerged in adults, but which
requires further investigation in children (31, 32).

Prior studies have assessed the agreement of BIA with DXA or the multi-compartment gold
standard in various populations and disease states.(18, 33, 34) However, many of these have
included participants who were not obese. It is important to establish the accuracy of
different types of BIA devices in obese individuals as tissue hydration (which impacts lean
mass calculations) increases as adiposity increases (14, 15, 21, 35). Thus, studies assessing
the accuracy in obese and severely obese individuals are important to support use of BIA in
this population. A recent study of obese adults with a mean BMI of 36.1 + 5.33 found that
body fat percentage measured by two InBody MF8 BIA devices compared to DXA had 95%
limits of agreement that were relatively low (< £ 5%), however a small differential bias was
also observed (20).

Age also influences free fat mass hydration and needs to be considered in equations used by
body composition devices (35). Prior studies have produced inconsistent findings regarding
the accuracy of various BIA devices in children and adolescents. A study of obese
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adolescents, ages 12 to 16 years, found that whole body fat mass percentage measured by a
multifrequency octopolar Tanita MC-780 BIA device was 4.8% /Aigherthan by DXA and the
limits of agreement were wide (-10 to +10%) (23). In contrast, two other studies in obese/
severely obese children showed an underestimation of body fat percentage using a SF4 BIA
device (Omron Portable Fat Analyzer) or an alternate MF4 BIA (Tanita MC-180MA) device
compared to DXA, with similarly wide limits of agreement (=15 to +5%) (22, 24). Using
their MF4 BIA machine-generated resistance data with both published pediatric—specific and
their own derived equations for estimating body fat and free fat mass, Wan et al. reduced
systematic bias to <1% but the limits of agreement remained wide (-9 to +9%) (24). In
contrast to these prior studies, we found narrower limits of agreement (~ =5 to 5%) between
our MF8 BIA device (Inbody 370) and DXA results, though we also found a slight
differential bias with underestimation of body fat as severity of obesity worsened. While our
data supports greater relative accuracy of an MF8 BIA device vs. a SF4 device compared to
DXA, it also highlights the potential for significant variation in relative accuracy across MF8
devices, which may in part be due to inherent differences in the proprietary equations across
manufacturers.

While the device manufactures do not provide details on their proprietary equations and
calibration methods, the 8 electrode multifrequency device has technical advantages over a 4
electrode single frequency device. First, the multifrequency device enables the
discrimination between intracellular from extracellular water. Furthermore, the MF8 device
had electrodes on the hands and feet enabling measurements of 5 circuits, including the
whole body. In contrast, the SF4 device had electrodes only on the hands, which resulted in
a single hand-to-hand circuit for impedance measures. Results from this hand-to-hand circuit
is extrapolated to the whole body. Having multiple circuits enables a better characterization
of the whole body.

Limitations of our study include lack of repeat measurements, which prevents us from
assessing reproducibility and calculation of the least significant difference, which is
important for interpreting follow-up measures within a child. Primary endpoints in
interventional clinical trials in children with obesity and overweight have primarily focused
on changes in BMI percentiles or z-scores. Therefore, there is no established definition of a
clinically meaningful change in body fat percentage in clinical trials in children. However, in
a multi-component weight loss intervention among school-aged children, the intervention
group had significant mean improvement in BMI z-score of -0.43 (-0.44,-0.42), and a
mean decrease in body fat percent of —=5.3% (—6.4,—4.2), as assessed by DXA (both p<0.001
vs. control group). This was accompanied by significant increases in insulin sensitivity
measures as assessed by oral glucose tolerance testing.(36) In comparison, we found a
smaller mean difference of —1.1 + 2.8% between the MF8-DXA measurements of body fat
percentage in our study, suggesting that the measurement error is less than clinically
meaningful differences. However longitudinal studies will be important to assess precision
as well as accuracy of BIA vs. DXA for assessing changes in body composition in individual
participants. Further application of body composition analyses in longitudinal clinical trials
or cohort studies in children with obesity will also help establish clinically meaningful
changes in body fat percentage and lean body mass changes associated with significant
improvements in cardiovascular and metabolic health in children.
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Additionally, our measurements were obtained in a fasting state as recommended by the
device manufacturers, but patients are frequently not fasting in clinical settings. Obtaining
measurements under non-fasting conditions may better simulate use in clinics. Participants
in our study were largely Caucasian and predominantly 10 to 19 years old. Further
investigation is needed in younger ages as well as other ethnicities and races, given the
earlier onset of obesity in children and increasing prevalence among diverse ethnic and
racial groups (25). Lastly, we did not include children with medical conditions that
significantly alter body hydration, fluid distribution or the ratio of extracellular to
intracellular water (e.g., congestive heart failure, cirrhosis, nephrotic syndrome,
hypoalbuminemia or lymphedema) as BIA is generally not recommended for body
composition assessment in these conditions.(37, 38) In children with chronic liver disease,
BIA can still be considered for body composition assessment if fluid retention is not present.
(39, 40)

Severe obesity now affects 1 in 10 adolescents in the United States (41). These children
carry higher risk for developing comorbidities, including gastrointestinal and liver disease,
and may require intensive multidisciplinary, pharmacological or surgical weight
management interventions (29). Assessing changes in body composition after intervention
and the relationship to health outcomes can be helpful in both clinical and research settings.
In particular, in a pediatric clinical setting, favorable changes in body composition (reduced
body fat, increased muscle mass) may demonstrate benefits from changes in lifestyle that
may not always be reflected by changes in weight or BMI status due to ongoing growth.(42)
While our findings underscore the relative accuracy of MF8 BIA in obese and severely
obese children to assess adiposity and lean body mass compared to DXA, further validation
in younger children less than 10 years of age, among diverse ethnicities and races, and in
longitudinal analyses, are important future directions.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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WHAT IS KNOWN/WHAT IS NEW
What is Known:
. Severe obesity is increasing among children and affects health outcomes.

. Measuring fat mass, lean mass, and relative adiposity is important to assess
the efficacy of interventions to treat obesity-related conditions.

. Bioelectrical impedance devices (BIA) utilize proprietary equations for
estimating body composition but the relative accuracy in children with severe
obesity is unclear.

What is New:

. The relative accuracy of BIA for assessing body composition in severely
obese children varies across devices.

. Relative to dual energy x-ray absorptiometry, multifrequency octopolar BIA
is more accurate than single frequency tetrapolar BIA for assessing body
composition in severely obese children.

J Pedliatr Gastroenterol Nutr. Author manuscript; available in PMC 2021 June 01.



1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuepy Joyiny

1duosnuely Joyiny

Khan et al. Page 13
a) 60 — C) 110 Z
55 o 100 L
] B -
o "‘ 5 O L]
[=2]
'?, 7 “am l‘tf > e %
m Ny n S H] i
i T i
F i § oo
8 40- Tl ] 4
{ o n n E 50
g s m L 5 40
. 30
30
P r =082 2049
25 p <0.0001 104" p <0.0001
T T T T T T T T T T T T T T T T T T T
25 30 35 40 45 50 55 60 10 20 30 40 50 60 70 80 90 100 110
SF4 BIA Percent Body Fat SF4 BIA Body Fat Mass (kg)
b ) 60 ” d ) 110 P
. b 100 - .
] " ]
> _. 90 /’
& s0- 4 # 2 % w
o . x ]
> fu Bp e
3 * g |.-- k] 70 - ot
o 45 g gh = o
o pu ¥ » " 60 - .ﬂ
@ Hy BV g w 3 m
o i = L ==
H 40 on ° 50 -
o LI ®
X 354 " n < 404
. ® 30 g*
30 am
ol
25 p < 0.0001 104" p < 0.0001
T T T T T T T T T T T T T T T T T T T
25 30 35 40 45 50 55 60 10 20 30 40 50 60 70 80 90 100 110
MF8 BIA Percent Body Fat MF8 BIA Body Fat Mass (kg)
Figure 1:

Body fat percentage by a) SF4 BIA (x-axis) b) MF8 BIA (x-axis) versus body fat percentage
by DXA (y-axis). Fat mass by ¢) SF4 BIA (x-axis) d) MF8 BIA (x-axis) versus fat mass by
DXA (y-axis). Solid line is the line of identity. Pearson correlations are listed in the graphs.
Intraclass correlation coefficients are a) 0.39, b) 0.87, ¢) 0.92, and d) 0.99, respectively.
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Figure 2:

Bland Altman plots for body fat percentage for DXA versus a) SF4 BIA and b) MF8 BIA
and fat mass for DXA versus ¢) SF4 BIA and d) MF8 BIA.
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Demographic and health characteristics of study participants.

Participants N = 78

Age (years)
Sex (male)
Race
White/Caucasian
Black/African American
Other
Ethnicity (Hispanic or Latino)
BMI (kg/m?)
BMI Z-score
Obese
Severely obese
Diabetes Mellitus
DM type 2
Pre-diabetes
Hypertension
Dyslipidemia
Hypertriglyceridemia
NAFLD

14.8 +2.7 [8.7-19.2]
49 (63%)

69 (88%)
4 (5%)
5 (6%)

21 (27%)

36.7+75

24404

15 (19%)

61 (78%)

4 (5%)

6 (8%)
8 (10%)
29 (37%)
34 (44%)
46 (59%)

Mean + SD [range] or n (% of total)
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Body Fat Percentage, Fat Mass, and Appendicular Lean Mass Measurements

Table 2:

SF4 BIA MF8 BIA DXA Difference SF4 — DXA  Difference MF8 - DXA
n=72 n=78 n=78 n=72 n=78

Body Fat Percentage (%) 40.6 £4.5 454 +6.3 46.4+5.2 55+29% —11+28%
[27.2-49.6] [31.1-56.7] [32.9-58.4] [-15.2-0.6] [-8.7-5.1]

Fat mass (kg) 405+116 46.0+165 47.3%16.2 57+29% —13+25%
[20.2-76.5] [16.8-97.1] [19.4-100.9] [-12.8-0.1] [-7.7-4.8]

Upper extremities (kg) - 6.2+1.9 52+15 - 1.0+06%
[2.3-11.2] [2.1-9.3] [-0.2-3.1]

Lower extremities (kg) - 16.0+4.2 17.3+4.6 - 14+15%
[6.9-29.6] [6.5-29.6] [-5.9-1.7]

Appendicular lean (kg) - 222+6.0 225+6.0 - —03+14%
[9.2-40.4] [8.6-38.1] [-4.7-3.1]

Mean + SD [range],

*
p<0.05
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