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Aim:

Calculation of the body composition on the basis of an impedance
measurement

target
audience:
Duration:

Adults and children of all ages
15 minutes
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1. Purpose of the instrument
To calculate the body composition using the result of bio electrical impedance (BIA) at 50
kHz.
Please note: BIA is a double indirect method. Impedance is measured and fat free mass is
calculated.
2. Concepts
Resistance (R)

the body's resistance to a weak alternating current

Reactance (Xc)

resistance generated by cell membranes acting as capacitors

Impedance(Z)

Resistance and reactance are used to calculate the
impedance (Z):
Impedance (Z)2 = Resistance (R)2 + Reactance (Xc)2

Phase angle

arctan (reactance / resistance) x (180 / π). Phase angle could
be interpreted as a measure for the integrity of the cell
membrane, cell function and amount of fat free mass.

2. Background information
Bio-electrical impedance analysis measures the body's resistance to a weak alternating
current (50 kH). The impedance device measures resistance and reactance and calculates
impedance, phase angle and fat free mass. Determinants in the equations to calculate fat
free mass (FFM) are resistance, reactance, age, sex, height, weight and age. [1-8].
3. Groups
Children and adults in all age categories.
Indications:
BIA is used for the following:
 As a parameter of nutritional status
 For monitoring changes in body composition
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 As a variable in the calculation of protein needs [9]
Contra indication
 Do NOT use BIA if the participant has a pacemaker
BIA is not applicable in:
 Pregnancy
 Fever (>39 degrees Celsius)
 Burns and / or pressure ulcers
 Abnormal hydration status e.g. edema, ascites, dehydration, dialysis

4. Safety and environment
4.1. Safety of the participant and test performer
Level of risk: In order to prevent any risk to the participants it is important that they are
informed about the contra - indications to BIA. Theseiclude having an electronic / electrical
implant such as a pacemaker or if a defibrillator is being used and some cases of having
artificial joints Using BIA is safe in all other situations.
The test performer has to be trained in using the BIA and interpreting the results.

5. Description of the measuring device
Single frequency bio-impedance meter. It measures at the frequency
of 50 kHz.
Note:This SOP is not written for a specific device or brand.
A single frequency bio-impedance meter must meet with the
following demands:
-

4 points of measurement with electrodes

-

Calibration has to be possible

-

Availability of the results of resistance and reactance

It is more practical to work with a single frequency bio-impedance meter with batteries
which is also compact and portable.
6. Cleaning and maintenance
6.1. Cleaning
Disposable stickers must be thrown away after use.
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6.2. Maintenance of the measuring device
The manual for the BIA equipment should be used for reference
7. Method
7.1. Materials
The following will be needed:






Single frequency bio-impedance device (BIA meter)
Electrodes ( min 4 cm2)[6]
Disinfectant+ disposable wipes
Quiet space with a bed and room temperature between 2025°C

7.2. Procedure
See appendix 2 for a schematic representation of the procedure.
7.2.1. Preparations














For convenience, the settings of the apparatus can be adjusted to a standard mode
where gender, height and weight are not required. In this mode the output contains only
reactance and resistance values.
Calibrate the BIA apparatus according to the manufacturer’s instructions .
Before measurements are performed the participant .should receive written
instructions.about the procedure. The participant is not allowed to eat or drink (except
water) and to avoid alcohol and caffeine and to minimize physical activityfor at least 8
hours preceding the measurement [6].
Note: Creating these standard conditions is especially important in research settings. In
clinical settings these conditions are not always feasible and a fasting state is not
recommended in malnourished patients [10].
Ask the participant if they have any electronic implants (pacemaker of defibrillator): If
these are present DO NOT perform a BIA measurement.
Ask the participant to empty their bladder.
Ask the participant to remove any jewelry and to remove any keys, mobile phones,
money etc from their pockets.
Note: Earrings, piercings, belts and bra straps need not be removed [1, 6].
Measure height and weight according to standard procedures.
The participant must be in a supine position for 5-10 minutes before the measurement
[6].

Standard Operating Procedure















SF Bio-Impedantie Analyse

6

Check if the measurement can be performed on the right side of the body.
Contraindications are: implants e.g. artificial knee or hip, metal pins) glucose sensors,
portocad, shunts, infusions. if any of these are present, take measurements on the other
side of the body and this must be reported
Ask the participant when they last ate and / or drank anything.
Note: For research purposes participants have to be in the fasted state for at least 8
hours. In clinical situations this is not required and is even undesirable in malnourished
patients [10]. It is important to try to standardize measurement conditions as much as
possible Therefore assess the participant’s recent food intake and record this.
Ask if there has been any physical activity in the last 8 hours.
Ask the participant and check the participant’s file for any fluid / electrolyte imbalances,
and whether dehydration, oedema or fever are present. The presence of any of these
must be recorded
Make sure the body of the participant is not in contact with metal or any other materials
which conduct electricity e.g. bed frame. Check the posture of the participant. The legs
must be spread at an angle of 450 and the arms should be at an an angle of 300 to he
trunk (see figure). if the participant is very obese, then insulating material e.g. towels.
should be placed between the legs and between the arms and the trunk The muscles of
participants must be relaxedand participants must be told not to move during the
measurement.
Check the cables are correctly connected to the participant. Make sure the cables are not
near high voltage apparatus e.g. computer monitor. Cables must notbe tangled or
broken.
Ask participant not to move or speak during the measurement.
For more information, check the manual supplied by your manufacturer.

7.2.2. Measurement





Measure on the right side of the body if possible. This side is preferred because the
reference values are measured on the right side [6] . If this is not possible e.g. due to the
presence of implants or infusions, than the left side is measured. This deviation from the
standard procedure must be recorded.
Disinfect the skin of hands and feet with alcohol (70%) using a disposable paper towel. If
necessary, remove excessive hair with a razor blade.
Place the electrodes on a smooth part of the skin, try to avoid birthmarks, scars, burns
and hair. Attach the electrodes as shown in the figure below:
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Hand:
Place the voltage electrode between the knuckles of the wrist.
Place the current carrying electrode behind the knuckle of the middle finger in a straight line
above the voltage electrode as shown in the figure
Foot:
Place the voltage electrode on the ankle between the knuckles of the ankle. Place the
current carrying electrode 1 cm behind the second toe as shown in the figure








The minimal distance between the electrodes placed on the hand is 5 cm (in children 3
cm). The location of the voltage electrodes is always fixed between the knuckles. If the
distance between electrodes is less than 5 cm (adults) or 3 cm (children) the current
injecting electrodes should be placed around the middle finger.
Record the distance between electrodes and make sure this distance is always used for
repeated measurements. Attach the cable clips to the electrodes; make sure the clips are
connected as firmly as possible to the electrodes.
Switch on the BIA and start the measurement by pushing the ENTER knob.
Record the reactance, resistance and ,if available, the impedance and phase angle values
Disconnect the participant and slowly remove the electrodes.

7.3. Processing the measurement results
7.3.1. Calculations
Enter the variables (gender, height, weight, reactance (at 50 kHz) and resistance (at 50 kHz)
and, if needed, impedance (at 50 kHz) ) into the equation to calculate fat free mass. It is
helpful to use appropriate software e.g.electronicparticipant file, Excel sheet or website e.g.
http://www.dieteticpocketguide.com/calculations/

Note: Different equations might give different results for the fat free mass. Many equations
have been published for different populations. Validation studies used different reference
methods including dual energy X-ray absorptiometry (DXA) or Deuterium dilution. The
equation used should be based the following criteria:






Did the validation study use a large population, is this population comparable
with your population and what reference method was used?
The correlation coefficient (R) must be high (>0,9)
The explainable variance (R2) must be high(>0,8)
The standard error of estimation (SEE) must be small (max. 1,5-2 kg)
The bias mustbe small (max. 0-1,8 kg)
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These specifications are necessary but are often not available in BIA machines with builtin equations.
Based on the currently available equations and the above methodology criteria for the
validation studies, the most valid equations for specific populations are: [1-3, 6, 7, 11-16]
see appendix 1:







Adults - general: KYLE equation[2]
Adults - obese: HORIE equation[17]
Adults - COPD: RUTTEN equation[18]
Children - healthy: DEURENBERG equation(7-25 years)[19]
Children - acute & chronic disease: DUNG equation (2,5-18 years)[3]
Children - obese: LAZZER equation (10-17 years)[20]

Calculations consist of:





FFM =Fat free mass(kg )= calculated with the prediction equation
FM = Fat mass(kg)= Body weight(kg) - FFM(kg)
FFMI = Fat Free mass index(kg/m2) = FFM(kg)/Height(m)2
FMI = Fat free mass index(kg/m2)= FM(kg)/Height(m)2

7.3.2. Evaluation
Note: Results of single frequency BIA measurements must be interpreted with caution. BIA is
a double indirect method based on many assumptions and the results are only indicative of
the true values. Fluid imbalance can affect the measured resistance leading to invalid FFM
values using prediction equations. It is essential, therefore, that standard operation
procedures are followed If this is not the case then interpretation of data should include
consideration of the following:







During dehydration the resistance will increase leading to underestimation of the FFM
and overestimation of the FM.
Oedema leads to overestimation of the FFM ( this is correct as FFM is increased, but not
as a result of an increase in body cell mass, but due to increase of extracellular water)
and an underestimation of FM.
Resistance of a conductor increases with increasing temperature, but the physiological
changes in a body associated with temperature increase (sweating etc.) can cause a
reduction of resistance. The final effect of changes in body temperature on the validity of
the BIA is therefore unclear. Increase of skin temperature was found to decreases
resistance at each frequency and thus overestimates FFM[6, 21].
In non fasted subjects the FM is overestimated.
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Always compare the calculated values with previous measurements in the same
participantand then compare results with reference values.
For the FFMI and the FMI several reference values are available, each with their own
limitations. The choice of reference values should be based on the following criteria:
-

Values are based on a large population measured.
Data are published recently.
The population is comparable with the people you measure in terms of ethnicity.
The reference method should be an indirect method. Unfortunately these data are
not available at the moment. If BIA data are used for reference values of FFMI and
FMI they must be based on ESPEN measurement guidelines for BIA. (Data of Schutz
are in accordance with this guideline whereas the data of Franssen do not conform
with this guideline[1, 2] Based on these criteria and on available literature the NAP
advises that, until more appropriate values are available, the P10 of the reference
values for adults from Schutz [14] should be used as the lower limit (see appendix 2).
However, it should be noted that a recent validation study shows that these values
for VVM are overestimated [21].

In the guideline for COPD [22] a lower limit for FFMI of 15 kg/m2 for women and of 17 kg/m2
for men is used.

Children:
For children no reference values for FFMI are available. However, reference values for
percentage fat are available (see appendix 2)[16]. Different lower limits are used in Europe
and America, and no consensus has yet been reached . In European literature the second
percentile (<P2) is used as lower limit for fat percentage and the P85 is used as the upper
limit for fat percentage (>P85 is overweight). Above P95 children are classified as obese.

Phase angle:
Phase angle from single frequency bio-impedance measurements is calculated as arctan
(reactance / resistance) x (180 / π). The phase angle might be a measure of the integrity of
cell membranes, cell function and fat free mass. A low phase angle is correlated with high
morbidity and mortality. Usually values vary between 5 and 7o but in athletes values up to 9o
have been reported. The application of phase angle for dietetic diagnostic use is currently
being studied. [23]
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8. Quality of methodology
8.1 Reliability
Bio-electrical impedance is a relatively inexpensive, non-invasive and practical method for
the determination of body composition in a clinical setting. Bio-impedance can be an
objective tool for diagnosing sarcopenia and malnourishment.
However, bio-electrical impedance is a double indirect procedure and has several limitations
(6). particularly when information on fat free mass is required on an individual basis, This is
also the case in subjects with acute or chronic disease and in obese subjects, due to changes
in the underlying assumptions, such as normal hydration.
Caution is required when interpreting bio-impedance results for diagnosis at individual level.
Bio-electrical impedance is a double indirect method in which resistance is measured while
total body water and FFM are derived. Assessment of fat free mass is based on population
regression equations (linking impedance to total body water or fat free mass) and may not
necessarily be correct for individuals even when normally hydrated. So the FFM measured is
an approach.
One assumption is related to the constant hydration of FFM of ~ 73%, which may be correct
in healthy populations which is the basis for most prediction equations. This is not correct
when there is dehydration or water retention (oedema), which is often the case in a clinical
setting. The other assumption is fixed body geometry.
The precision (repeatability) of BIA is generally very good (1-2% within one day and 2-3.5%
within one week [1,24].
Accuracy on the other hand is more variable especially in diseased subjects. as shown below
Bias in the estimate of FFM using DEXA as reference:
- for healthy adult subjects with normal BMI: 1.8-4 kg
- healthy elderly subjects: 1.6-3.4 kg
- women with overweight: ~ 8.8 kg[6].
Precision and accuracy is determined by a number of factors. These include:
Participantcharacteristics (hydration status, BMI, body geometry, skin temperature)
Environmental conditions (room temperature)
Formula chosen for calculation of fat free mass
Deviations from measurement protocol
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Table Selection of formulas to calculate the lean mass using the outcomes of bio-electrical impedance analysis in children from Zakboek Diëtetiek [24]
Reference

No. of people (N);

Age (years)

Height (cm)

Weight (kg)

BMI (kg/m2)

Mean±SD

Mean±SD

Mean±SD

Mean±SD

M 7-9 y

8.3±0.6

132.3±0.6

28.3±3.7

F 7-9 y

8.3±0.9

130.1±7.0

27.2±4.6

M 10-15 y

12.8±1.5

159.0±1.2

47.2±11.8

F 10-12 y

10.7±1.0

144.1±7.7

35.0±6.5

M >16 y

21.6±2.8

183.2±6.3

73.1±5.9

F >13 y

17.6±3.6

168.3±6.7

57.9±9.5

13.1±3.3

156.0±19.0

57.9±9.5

Gender

gender; age;

LBM formulas

Validity

LBM=(0.438×104 × H(m) 2/R) +

R=0.99

population and country
of origin; reference
(ref); BIA system
Formula based on healthy children
Deurenberg et

N=246 (130 M, 116 F);

al.

age 7-9 y: 18 M, 21 F;
age 10-15 y: 71 M, 20
F; age 16-25 y: 41 M,
75 F; healthy people;

(0.308×kg) + (1.6×gender) +

SEE=2.39

(7.04×H(m)) - 8.5

The Netherlands; ref:
underwater weighing;
BIA 101, RJL systems

Gender: F=0, M=1

Formula based on acutely and chronically ill children
Dung et al.

N=120 (46 M, 74 F),
acutely ill (N=41),
chronically ill (N=79);
age 2.5-18 y, white
pediatric patients;
Germany; ref DEXA;
BIA: Bodystat 1500

M, F

LBM=0.786 × (H2/Imp) +
(0.093×kg) + 0.194

R=0.983
SEE=2.03
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Formula based on obese children
Lazzer et al.

N=58 (27 M, 31 F)
research group, N=61
(27 M, 34 F) control
group; age 10-17 y,
morbidly obese

M, F

14.2±1.9

1.64±0.1

92.5±14.5

34.3±4.9

M, F

14.0±1.4

1.63±0.1

81.5±15.4

30.4±4.2

60.1±9.3

161.0±6.4

62.4±13.5

24.1±5.1

LBM=0.87 × (H2/Imp) + 3.1

RMSE=2.7

control
group

Caucasian people;
Italy; ref: DEXA, BODPOD; BIA: BIS
(human IM plus II)
Formula based on healthy adults
F

Gender: F=0, M=1

M=Male; F=Female; DEXA=dual energy X-ray absorptiometry; BIA= bio-electrical impedance analysis; kg=weight
in kg; H=height in cm; H(m)=height in meters; age=age in years; LBM=lean body mass; R=Resistance; Reac=Reactance; Imp=Impedance;
r=correlation coefficient; SEE=standard error of the estimate (kg); RMSE=root mean square error (kg)

R=0.91
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Appendix 3: Percentiles FFMI en FMI (reference Schutz [14])
Table 1 Percentiles for FFMI and FMI for males and females by age (Schutz[14])
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Appendix 4: Percentage body fat in children M/V
Table 2 Percentage body fat in boys (reference McCarthy[16])
Age(year)

Table 3 Percentage body fat in girls (reference Mc Carthy[16])
Age(year)
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