
Introduction

BIA has long been used in clinical settings as well as
for research purposes. Clinical trials have clearly
shown the use of BIA as a non-invasive diagnostic
tool to examine fat and lean mass, total body water
(TBW), extracellular water (ECW) and to determine
the prognosis of patients [1-3].

The seca medical Body Composition Analyzer
514/515 (seca gmbh & co. kg, Hamburg) is a medical
device that has been validated against respective gold
standard reference methods in a multiethnic popula-
tion [4]. To determine normal ranges of outcome
parameters it is necessary to collect data from a
healthy population. 

The aim of this study was to establish a reference
data base to generate normal ranges for phase angle
(PA), bioelectrical impedance vector analysis (BIVA),
the body composition chart (BCC), skeletal muscle
mass (SMM), total body water (TBW), extracellular
water (ECW) and fat mass (FM) by measuring a rep-
resentative population of healthy subjects using bio-

electrical impedance with the seca medical Body
Composition Analyzer 514/515.

Subjects and methods

A total of 1.050 subjects (532 men and 518 women)
aged 18-65 years were recruited at the blood transfu-
sion service of the Institute for Transfusion Medicine
at the University Medical Centre Hamburg-
Eppendorf, Germany. All adult blood donors under
the age of 65 years were generally eligible for the
study. Blood donors were recruited throughout the
complete opening hours of the donation service by
student personnel.

Subjects were included in the study if they qualified
as blood donors according to the German guidelines
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for blood donors (‘Hämotherapie-Richtlinien §§ 12 a
and 18 TFG’, chapter 2.1.4 ‘Untersuchung zur
Eignung als Spender und zur Feststellung der
Spendetauglichkeit’). This inclusion criterion was
defined as ‘healthy’ in the clinical investigation plan
and approved by to the responsible Ethical
Committee (Ethikkommission der Ärztekammer
Hamburg). All BIA measurements had to be per-
formed before blood donation to avoid fluid shifts.
The following exclusion criteria were applied: acute
and chronic diseases, amputation of limbs, electrical
implant as cardiac pacemaker, insulin pumps, artifi-
cial joints, metallic implants (except tooth implants,
pregnancy or breastfeeding period, subjects who
cannot provide an informed consent form by them-
selves, subjects who might be dependent from the
sponsor or the investigation site, extensive tattoos at
arms or legs. Ankle edema were excluded by inspec-
tion. All subjects provided their fully informed and
written consent before participation.

Anthropometrics
Body height was obtained with the stadiometer seca
231 to the nearest mm with an accuracy of ± 5 mm.
Waist circumference was measured by means of a
non-stretchable measurement tape (seca 201).

Bioelectrical impedance analysis
BIA measurements were taken with the seca mBCA.
Impedance was measured at frequencies of 1, 1.5, 2,
3, 5, 7.5, 10, 15, 20, 30, 50, 75, 100, 150, 200, 300,
500, 750 and 1,000 kHz. All 19 frequencies were used
for verification purposes by means of the Cole-Cole-
Plot. For the calculation of all normal range values
frequencies at 5 kHz and 50 kHz were used. In addi-
tion, the measurement was done segmentally as fol-
lows: right arm, left arm, right leg, left leg, trunk, right
body side and left body side. In total, Impedance (Z)
and phase angle (PA) were measured 19 x 7 = 133
times (19 above-mentioned frequencies x 7 above-
mentioned body segments) for each subject. 

Statistics for the development of normal ranges 
Data analyses were performed using R software, 
version 3.0.1 (R Foundation, Vienna, Austria). In
order to determine the reference values of PA at
50kHz a normal distribution of the data was verified
by using a normal quantile plot. The percentiles of
PA were calculated by using the mean value of the
right and left body side and the standard deviation
for both genders.

Tolerance ellipses of bivariate Z-Scores (RXc-score
graph) for BIVA were calculated according to
Antonio Piccoli from the University of Padova, Italy
[5]. For Z transformation the mean value and the stan-
dard deviation of the resistance (R) and reactance
(Xc) divided by the height (ht) of the patient were
calculated. 

The Z Transformation is performed by the following
formulas:

and

For the BCC, FM and fat free mass (FFM) were
divided by height squared (ht²) to generate the two
indices fat mass index (FMI, kg/m²) and fat free mass
index (FFMI, kg/m²). For these indices, the mean
value and the standard deviation are calculated for Z
transformation. The tolerance ellipses were calculated
analogous to the BIVA ellipses.

For determination of normal values for FM the FMI
was correlated with the Body Mass Index (BMI). The
function resulting from this correlation allows to cal-
culate the corresponding FMI cut-offs from the BMI
cut-offs used by the World Health Organization
(WHO). 

TBW and ECW were related to body weight con-
sidering a fixed density of 0.99371 kg/ l. The result-
ing values were then correlated with 1/BMI. The
function resulting from this correlation was used to
calculate the mean value for the respective variable,
which resembles the 50th percentile. Percentiles 5%,
50% and 95% were calculated from the standard error
of estimation (SEE) from this regression. 

For skeletal muscle mass (SMM) normal ranges
were developed for every segment (right arm, left
arm, torso, right leg, left leg) as well as for the com-
plete body. Mean values and standard deviations
were calculated after normalizing all values by ht².
This normalisation by ht² allows a height independent
interpretation of SMM. Percentiles 5% and 95% are
used for classifying the upper and lower normal
ranges. Since SMM divided by ht² was not normally
distributed, a Box-Cox transformation according to
formula (1) in Cole and Green (1992) [7] was per-
formed to calculate the percentiles.

While PA and BIVA are calculated directly by the
BIA raw data (R and Xc) all other parameters were
validated against respective reference methods [4].
FM was validated against the 4-compartment model
by Fuller et al. 1992 including body volume (by air
displacement plethysmography), TBW (by deuterium
dilution) and bone mineral content (by DXA).
Deuterium dilution was used as reference for TBW,
sodium bromide dilution for ECW and whole body
MRI for SMM.

Results

The study examined 1.050 healthy individuals, 532
man and 518 women in the age of 18 to 65 years.
BMI ranged from 18.2 to 42.6 kg/m², waist circumfer-
ence from 63 to 126 cm. Basic characteristics of the
study population stratified by gender are given in
Table 1. In order to evaluate representivness of the
study population the distribution of BMI was com-
pared to characteristics of the Nationale Verzehrsstudie
II (National Nutrition Survey II) which investigated a
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Table 2. Percentiles for phase angle (PA), resistance (R) and reactance (Xc) at 50 kHz calculated according to Piccoli et al.
2002 [5].

variable unit gender BMI mean ± SD p5% p50% p95%

phase angle ° female all 5.05 ± 0.47 4.28 5.05 5.82
<25 5.00 ± 0.45 4.26 5.00 5.74
≥25<30 5.14 ± 0.49 4.34 5.14 5.94
≥30 5.13 ± 0.49 4.32 5.13 5.93

male all 5.88 ± 0.51 5.03 5.88 6.73
<25 5.87 ± 0.49 5.06 5.87 6.69
≥25<30 5.89 ± 0.54 5.00 5.89 6.78
≥30 5.87 ± 0.47 5.10 5.87 6.64

R50kHz / ht Ω/cm female all 3.937 ± 0.400 3.278 3.937 4.596
<25 4.072 ± 0.363 3.475 4.072 4.670
≥25<30 3.787 ± 0.333 3.240 3.787 4.335
≥30 3.513 ± 0.320 2.986 3.513 4.040

male all 3.023 ± 0.323 2.491 3.023 3.554
<25 3.223 ± 0.297 2.735 3.223 3.711
≥25,<30 2.946 ± 0.253 2.530 2.946 3.362
≥30 2.693 ± 0.254 2.276 2.693 3.111

Xc50kHz / ht Ω/cm female all 0.348 ± 0.046 0.272 0.348 0.423
<25 0.356 ± 0.045 0.282 0.356 0.430
≥25<30 0.340 ± 0.042 0.271 0.340 0.410
≥30 0.315 ± 0.042 0.246 0.315 0.384

male all 0.312 ± 0.045 0.237 0.312 0.386
<25 0.332 ± 0.045 0.258 0.332 0.406
≥25<30 0.304 ± 0.041 0.237 0.304 0.371
≥30 0.277 ± 0.034 0.220 0.277 0.333

Figure 2. Phase angle normal Q-Q Plot comparing measured phase angle values to standard normal distribution for (A)
female and (B) male subjects.

A B
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Figure 3. Z-transformed BIVA and BCC tolerance ellipses; A – BIVA vector analysis for female subjects displaying tolerance
ellipses representing 50%, 75% and 95% reference value percentiles in RXc graph; B – BIVA vector analysis for male sub-
jects displaying tolerance ellipses representing 50%, 75% and 95% reference value percentiles in RXc graph; C – BCC for
female subjects displaying tolerance ellipses representing 50%, 75% and 95% reference value percentiles in FFMI-FMI
graph; D – BCC for male subjects displaying tolerance ellipses representing 50%, 75% and 95% reference value percentiles
in FFMI FMI graph.
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total of 20.000 subjects [6]. Figure 1 shows that mean
BMI ranges were nearly identical for all listed age
ranges. The standard deviation was higher for all age
groups in the Nationale Verzehrsstudie II. 

The normal distribution of PA values can be veri-
fied according to the quantile-quantile plots for male
and female subjects shown in Figure 2. Mean values
for PA in Table 2 show significantly higher PA values
in men when compared to women.

BIVA results reveal a normal distribution with only
a small cluster of measurements with a combined
high Z(R50kHz/ ht) and Z(Xc50kHz/ ht) for women
and men (Figure 3). The percentiles for the gender
specific resistances are listed in Table 2.

The BCC shows a normal distribution for females as
well as for males with only a small cluster of measur-
ing points with a combined high FMI and FFMI for
both genders (Figure 3). Table 3 provides an overview
of FMI and FFMI percentiles for men and women. 

Because there was a close correlation between FMI
and BMI (Figure 4) the cut-off points for FMI (calcu-
lated from WHO BMI cut-offs by linear regression)
allow an interpretation of a subject’s individual fat
mass. 

Due to the good correlation of TBW divided by
weight (%TBW) to 1/BMI and ECW divided by
weight (%ECW) to 1/ BMI, the percentiles for %TBW
and %ECW were calculated from this regression and
plotted vs BMI (Figure 5).

The normal values for SMM/ht² show that men
have significantly higher muscle mass than women in
all body segments (Table 4). 

Discussion

Reference values were developed for all parameters
of body composition derived from BIA. These can be
used to evaluate individual measurement results
compared to a healthy population. 

The BCC is based on the principle of the Hattori-
Chart introduced by Komei Hattori from the Ibaraki
University, Japan [1991], plotting FMI over FFMI and
illustrating the wide variability in fatness for a given
BMI. The visual presentation of the chart may help to
practically better assess changes in body composition
during weight management over time. It may help to
detect hidden obesity or sarcopenic obesity with only
one data set. The original approach by Hattori was
also used by Yves Schutz from the University in
Lausanne, Switzerland [9] who generated and estab-
lished FMI and FFMI percentiles in a Swiss popula-
tion to determine age and gender specific normal
ranges. The work by Schutz was the basis for the
BCC used in the seca mBCA. The limitations of the
BCC lay in the overestimation of muscle mass in
patients with fluid overloads as these only contribute to
the FFM and thus FFMI. In these cases other calculated
results may help to explain this overestimation.

Normal values for TBW and ECW are innovative and
may allow evaluating normal hydration. Until today no
official normal ranges are available for body water.
The literature generally lists percentage body water
(%BW) ranges for men and women. In summary men
generally have more %BW than women, obesity con-
tributes to lower relative body water values and
increasing age contributes to continuously decreasing
values [10, 11, 12]. The biggest effect on %BW in
adults can be explained by the BMI which could be
shown in this study (Figure 5).

Fluid overloads mainly accumulate in the extracel-
lular space [13] which is why mainly ECW/TBW and
ICW/ECW are used to assess fluid status [14, 15]. This
approach has limitations though for example directly
after dialysis treatment as extracellular fluid is slowly
refilled during the inter-dialytic period [16]. A meas-
urement directly after treatment – when the patient is
still available for a BIA measurement – thus is not
able to give an appropriate answer, whereas using

Table 3. FMI and FFMI percentiles for BCC tolerance ellipse calculation according to Piccoli et. al. 2002 [5].

variable unit gender BMI mean ± SD p5% p50% p95%

FFMI kg/m² female all 16.27 ± 1.36 14.04 16.27 18.49
<25 15.63 ± 0.92 14.11 15.63 17.14
≥25,<30 16.88 ± 0.93 15.35 16.88 18.41
≥30 18.48 ± 1.27 16.39 18.48 20.57

male all 19.83 ± 1.47 17.42 19.83 22.24
<25 18.81 ± 1.03 17.11 18.81 20.51
≥25,<30 20.08 ± 1.03 18.40 20.08 21.77
≥30 22.09 ± 1.24 20.05 22.09 24.12

FMI kg/m² female all 8.46 ± 3.24 3.13 8.46 13.78
<25 6.55 ± 1.39 4.27 6.55 8.84
≥25,<30 10.30 ± 1.34 8.09 10.30 12.50
≥30 15.04 ± 2.65 10.68 15.04 19.41

male all 6.42 ± 2.49 2.33 6.42 10.51
<25 4.23 ± 1.22 2.21 4.23 6.24
≥25,<30 7.08 ± 1.28 4.97 7.08 9.19
≥30 10.79 ± 1.99 7.52 10.79 14.06
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Figure 4. Regression of FMI vs. BMI for female (A) and male subjects (B); Fat mass vs. height for female (C) and male subjects
(D) including BMI cut-off lines converted to FMI values by means of FMI vs BMI regression.
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Figure 5. Percentiles for %TBW and %ECW stratified by BMI and gender. %TBW vs. 1/BMI regression for (A) female and
(B) for male subjects; %ECW vs. 1/BMI regression (C) for female and (D) for male subjects; Percentile curves calculated
from 1/BMI regression for (E) %TBW in female subjects, (F) %TBW in male subjects, (G) %ECW in female subjects and (H)
for %ECW in male subjects.

A B

C D

E F

G H
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Table 4. Gender specific mean values and standard deviations for skeletal muscle mass (SMM) normalized by ht².

variable unit gender BMI mean ± SD p5% p50% p95%

SMM right arm kg female all 0.449 ± 0.053 0.370 0.449 0.544
<25 0.436 ± 0.046 0.367 0.436 0.519
≥25,<30 0.462 ± 0.054 0.382 0.462 0.558
≥30 0.490 ± 0.061 0.399 0.490 0.598

male all 0.631 ± 0.070 0.528 0.631 0.756
<25 0.593 ± 0.057 0.509 0.593 0.694
≥25,<30 0.645 ± 0.063 0.552 0.645 0.758
≥30 0.696 ± 0.066 0.598 0.696 0.813

SMM left arm kg female all 0.427 ± 0.053 0.349 0.427 0.523
<25 0.416 ± 0.047 0.347 0.416 0.499
≥25,<30 0.439 ± 0.054 0.359 0.439 0.536
≥30 0.466 ± 0.063 0.373 0.466 0.578

male all 0.607 ± 0.068 0.505 0.607 0.729
<25 0.571 ± 0.056 0.488 0.571 0.672
≥25,<30 0.618 ± 0.060 0.529 0.618 0.726
≥30 0.671 ± 0.072 0.564 0.671 0.801

SMM right leg kg female all 1.713 ± 0.202 1.414 1.713 2.074
<25 1.624 ± 0.142 1.413 1.624 1.878
≥25,<30 1.797 ± 0.152 1.571 1.797 2.069
≥30 2.024 ± 0.198 1.730 2.024 2.379

male all 2.033 ± 0.204 1.730 2.033 2.398
<25 1.902 ± 0.137 1.699 1.902 2.146
≥25,<30 2.063 ± 0.157 1.831 2.063 2.343
≥30 2.334 ± 0.197 2.042 2.334 2.687

SMM left leg kg female all 1.702 ± 0.201 1.404 1.702 2.062
<25 1.614 ± 0.143 1.402 1.614 1.870
≥25,<30 1.786 ± 0.147 1.568 1.786 2.049
≥30 2.009 ± 0.206 1.704 2.009 2.378

male all 2.016 ± 0.205 1.712 2.016 2.383
<25 1.887 ± 0.139 1.680 1.887 2.136
≥25,<30 2.046 ± 0.163 1.805 2.046 2.337
≥30 2.313 ± 0.190 2.031 2.313 2.652

SMM trunk kg female all 3.21 ± 0.40 2.61 3.21 3.93
<25 3.02 ± 0.29 2.60 3.02 3.54
≥25,<30 3.41 ± 0.28 2.99 3.41 3.91
≥30 3.83 ± 0.38 3.28 3.83 4.50

male all 4.52 ± 0.38 3.95 4.52 5.20
<25 4.25 ± 0.29 3.82 4.25 4.76
≥25,<30 4.60 ± 0.27 4.19 4.60 5.09
≥30 5.05 ± 0.33 4.55 5.05 5.64

SMM total body kg female all 7.50 ± 0.82 6.28 7.50 8.97
<25 7.11 ± 0.56 6.29 7.11 8.11
≥25,<30 7.89 ± 0.58 7.02 7.89 8.93
≥30 8.82 ± 0.76 7.70 8.82 10.18

male all 9.80 ± 0.83 8.57 9.80 11.29
<25 9.20 ± 0.55 8.38 9.20 10.19
≥25,<30 9.97 ± 0.59 9.10 9.97 11.02
≥30 11.06 ± 0.72 9.99 11.06 12.35
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the TBW normal range approach in combination with
BIVA may better assess this.
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