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Abstract 

Background/Objectives: Bioelectrical impedance analysis (BIA) is a method used to esti-
mate body compartments such as fat free mass (FFM) and fat mass (FM).Two bioelectri-
cal impedance analysis (BIA) devices, a single-frequency bioelectrical impedance analysis 
device (SF-BIA) and a bioimpedance spectroscopy device (BIS) were compared in order to 
evaluate their reliability and to study whether their estimations resulted in similar classifi-
cations of body composition.

Subjects/Methods: In a prospective observational study, body composition was esti-
mated by SF-BIA and BIS in 123 adult patients scheduled for major abdominal surgery. 
Measurement agreement for the continuous variables fat free mass (FFM) and fat mass 
(FM) were analyzed using intraclass correlation coefficient (ICC), the mean differences and 
their limits of agreement. Measurement differences were also visualized by Bland Altman 
plots. For the dichotomized fat free mass index (FFMI) and fat mass index (FMI), inter-
observer agreement was calculated using Cohen’s Kappa (K) statistics; the McNemar test 
was performed to compare the paired proportions.  

Results: Agreement for the continuous variables was ‘almost perfect’ for FM (.86, 95%CI 
.80 to 90), ‘substantial’ for FFM (.78, 95%CI .70 to .84). For the dichotomous variables, the 
agreement was ‘substantial’ for FMI (.67, 95%CI .51 to .83), ‘slight’ for FFMI (.19, 95%CI .01 to 
.37). BIS classified a larger proportion having a low FFMI and a high FMI. 

Conclusions: Good ICCs between SF-BIA and BIS for FFM and FM. However, the mean dif-
ferences were substantial, whereas the classification of body composition based on FFMI 
and FMI was influenced by the device. Therefore, BIA devices are not interchangeable.

Key words

Bio-electrical impedance analysis; Fat free mass; Fat free mass index; Fat mass; Fat mass 
index; Surgery. 
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Introduction

Body composition plays an important role in the occurrence of postoperative complica-
tions. 1 – 7 Substantial preoperative weight loss; 6, 8, 9 both high and low body mass index; 8 - 11 
high fat mass - especially the presence of increased visceral fat -; 12, 13 low fat free mass; 7, 14 – 

17 and sarcopenic obesity 7, 14 – 20 are potential risk factors for postoperative complications in 
terms of infections, leakage of the anastomoses, abscesses, re-operation, increased length 
of hospital stay, re-admission, and mortality. 

However, measuring an altered body composition in terms of fat free mass (FFM) and 
fat mass (FM) is invasive, expensive and time consuming when using the recommended 
reference methods such as hydrostatic weighing, dual energy X-ray absorptiometry or 
magnetic resonance imaging. 21 – 26

Bioelectrical impedance analysis (BIA) has been described as a simple, easy and non-
invasive method that claims to give a good estimate of body compartments such as FFM 
and FM during illness, recovery and treatment. 4, 21, 27 – 31Two types of devices frequently 
used in clinical practice are the single-frequency bioelectrical impedance analysis device 
(SF-BIA) and the bioimpedance spectroscopy device (BIS). As the devices are based on dif-
ferent theories and techniques, it is unclear to what extent these devices demonstrate the 
same measurement outcomes. 

In this reliability study, we investigated whether the used BIA devices influence the 
estimation of FFM and FM and the derived calculations fat free mass index (FFMI) and 
fat mass index (FMI) in patients undergoing major abdominal surgery. And if so, to what 
extent this affects the classification of the body composition within or outside the normal 
value range. 

Methods 

Design and setting
This study was designed as a prospective observational study among preoperative out-
patients scheduled for major abdominal surgery at the Department of Surgery of the 
Academic Medical Center (Amsterdam, the Netherlands), a tertiary care hospital with 1000 
beds specialized in the treatment of gastro-intestinal oncological diseases. 

Participation 
Nutritional assessment, including bio-electrical impedance, is part of routine patient care 
in our hospital and carries no risk to harm patients. However, patients were asked per-
mission for use of their data and permission of the local Medical Ethical Committee was 
obtained.

Patients 
Included were consecutive patients, aged 18 and older, who were scheduled for a curative 
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surgical procedure (esophagectomy with gastric tube reconstruction, pylorus preserving 
pancreatico duodenectomy, partial or total gastrectomy, hepatico-jejunostomy after iat-
rogenic bile duct injury) or a non-curative procedure (gastro-enterostomy and or hepa-
tico-jejunostomy, gastro-jejunostomy, partial or total resection of the pancreas) between 
June 2007 and June 2013. 

Patients with a stent, metal material or metal prosthesis (eg, hart, hip, knee), an implanted 
pacemaker or implantable defibrillator-converter were excluded. Also excluded were 
patients with clinical presence of edema or fluid disturbances as this may result in overesti-
mation or underestimation of the body compartments by bio-electrical impedance estima-
tions. 27

Data collection  
Baseline characteristics (age, gender), physical status-related characteristics (presence of 
co-morbidity, presence of malignancy, neo-adjuvant chemo-radiation treatment, height, 
usual and present body weight, presence and severity of involuntary body weight loss) 
and surgery-related characteristics (American Society of Anesthesiologists [ASA] classi-
fication defining the preoperative fitness, performed surgical procedure) were collected 
from medical and dietetic records. 

Body mass index (BMI) and malnutrition 
BMI was calculated by dividing the present measured body weight by squared body 
height (m2). BMI classification according to the World Health Organization; BMI < 18.5 kg/
m2 underweight; BMI 18.5 kg/m2 - 25 kg/m2 normal weight; BMI ≥ 25 kg/m2 overweight, 
BMI 25 - 30 kg/m2 pre-obese and BMI ≥ 30 kg/m2 obesity. Malnutrition was defined as BMI 
< 18.5 and /or body weight loss ≥ 10%. 

BIA estimations
BIA is a method to estimate FFM (eg, including body cell mass, extracellular solids, extra-cel-
lular water, and intra-cellular water) and FM, and is based on measuring the resistance and 
reactance of an alternating electrical current in the human body. Intracellular fluids, body 
fluids and electrolytes behave as electrical conductors (resistance) and cell membranes act 
as electrical condensers and are involved in capacitance (reactance). 4,5, 21 ,  27 – 29,  31 - 33  To actu-
ally estimate the body compartments, the measured resistance and /or reactance is /are 
incorporated into a statistical equation with other patient-related variables such as height, 
weight, gender and age.  As we used the equations incorporated in the software of the 
SF-BIA and BIS device, details about these patient-related variables cannot be described as 
the manufacturers are not entirely transparent about the variables included. 

BIA devices and measurement procedure
Two BIA devices estimating the entire body were used: a single-frequency BIA analysis 
(SF-BIA, BF-906, measurement at one frequency, 50 kHz, Maltron International Ltd. Essex, 
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United Kingdom) and a bioimpedance spectroscopy (BIS, Body Scout, measurement of 
various frequencies between 5 kHz and 1 MHz, 5-800 µA; Fresenius Kabi AG, Bad Homburg, 
Germany). 

The BIA measurements were performed following the standardized procedures by 
Lukaski. 33 To avoid electrode polarization and to minimize the effects of the impedance 
of skin beneath the electrodes, the four-electrode technique was used. 30 Both impedance 
measurements were performed with the same four electrodes. The first measurement was 
always performed with the SF-BIA device, the second, directly afterwards, with the BIS 
device. The complete output was directly and automatically transferred and saved on a 
chip card and was read out at a later time point. The room temperature, the movements, 
and (supine) position of the patients were identical during the two measurements. In case 
of doubt about the correctness of (one of ) the measurements, the measurement was 
repeated. 

The two devices are based on different methods and techniques. The SF-BIA measures 
at one frequency, 50 kHz, and is therefore assumed to measure extracellular water and a 
part of the intracellular water. In contrast, BIS measures over a range of different frequen-
cies, and is assumed, although not proven, to estimate intracellular water more accurate. 

Total body water is calculated as the weighted sum of extracellular water plus intracel-
lular water. The FFM compartment is derived from total body water as a constant hydra-
tion of 73% of this compartment is assumed in healthy adults. According to this assump-
tion, the FFM may not be estimated properly under conditions of a significantly altered 
hydration. The FM compartment can be calculated indirectly as the difference between 
body weight and FFM. 21, 22, 27 Normal values of FFM and FM according to Kyle et. al. are 
described in Appendix 1.1

Appendix 1  Normal values for fat free mass (index) and fat mass (index) 

Normal value range

Item  mean reference value ± SD within outside

Fat free mass, men 59.1 kg ± 5.6

Fat free mass, women 42.4 kg ± 4.3

Fat mass, men 15.0 kg ± 5.5

Fat mass, women 17.6 kg ± 6.1

Fat free mass index, men 19.1 kg/m2 ± 1.4 16.7 to 19.8 kg/m2 < 16.7 kg/m2

Fat free mass index, women 15.9 kg/m2 ± 1.3 14.6 to 16.8 kg/m2 < 14.6 kg/m2

Fat mass index, men 4.9 kg/m2 ± 1.8 1.8 to 5.2 kg/m2 > 5.2 kg/m2

Fat mass index, women 6.6 kg/m2 ± 2.4 3.9 to 8.2 kg /m2 > 8.2  kg /m2

BIA = Bioelectrical impedance analyses measured by 50-kHz SF-BIA in healthy white adults
Reference: Kyle et. al. 1
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Fat free mass index (FFMI) and fat mass index (FMI) 
In addition to FFM and FM, the fat free mass index (FFMI) and fat mass index (FMI) were 
calculated by dividing FFM (kg) and FM (kg), measured by bioelectrical impedance, by 
squared height (m2). These indexes were calculated in order to adjust for differences in 
height and also as a method to classify patients within or outside the normal range with 
regard to their FFMI and FMI (Appendix 1). 1 

Statistical analyses
Continuous patient characteristics were described by their mean and standard deviation. 
Categorical variables were expressed as n (%). The measurement agreements between the 
continuous variables FFM, FFMI, FM and FMI, were analyzed using the intraclass correla-
tion coefficient (ICC). The ICC can be interpreted as follows: < 0 indicating no agreement, 
0 – .20 slight agreement, .21 – .40 fair agreement, .41 – .60 moderate agreement, .61 – .80 
substantial agreement, and .81 – 1.0 almost perfect agreement.34 

Additionally, we calculated the mean differences between SF-BIA and BIS meas-
urements, and described the likely range of differences in terms of the 95% limits of 
 agreement (that is, the interval of 1.96 standard deviation of the measurement differences 
either side of the mean difference). The measurement differences were also visualized by 
Bland Altman (BA) plots.35 BA plots graph the difference between SF-BIA and BIS against 
the average values measured by SF-BIA and BIS. To further enhance the interpretation of 
the BA plots, histograms of the differences between SF-BIA and BIS were added.36 

Finally, the continuous FFMI and FMI were dichotomized based on the predefined 
cutoff normal values to classify patients within or outside the normal range with regard 
to FFMI and FMI (Appendix 1). 1 The classification agreement was expressed in Kappa 
coefficients, which can be interpreted in the same way as the ICC. 37 To compare the 
paired proportions with regard to the dichotomized FFMI and FMI, the McNemar test 
was used. 

Statistical uncertainty was expressed in 95% confidence intervals (95% CIs).  A P value 
< .05 was considered statistical significant. All analyses were performed in SPSS 21.0 (SPSS 
corp. Chicago Illinois USA). BA plots were produced in R. 38

Results

A total of 123 consecutive preoperative patients were included into the study. Baseline 
characteristics are shown in Table 1. Co-morbidity was present in 76% of the patients, with 
cardiovascular disease accounting for the largest proportion (22%). The presence of a 
malignant process was the most common indication for surgery (89%). Eighty-five percent 
of the patients underwent a (potentially) curative surgical procedure. 

Involuntary loss of body weight before diagnosis had occurred in 68% of the patients 
(mean loss 7.5 kg ± 6.7 kg); still the mean body mass index of the study group was 25.2 kg/
m2 ± 3.8 kg/m2 indicating weight of the majority of patients within the normal range or 
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higher. Fourteen patients could be defined obese (BMI ≥ 30 kg/m2) and 31 patients (25%) 
were malnourished.  

Measurement agreement between SF-BIA and BIS - continuous data (FFM, FFMI, 
FM, FMI)
The ICC between SF-BIA and BIS could be defined as ‘almost perfect’ for both FM and FMI 
(.86, 95% CI .80 to .90); ‘substantial’ for FFM (.78, 95% CI .70 to .84); and ‘moderate’ for FFMI 
(.55, 95% CI .41 to .66) (Table 2). 

Table 1 Patient baseline characteristics (N = 123) 

Age, y † 61 (11)

Age range, y 21- 84

male sex 77 (63)

Presence of co-morbidity 94 (76)

Presence of malignancy 110 (89)

ASA classification ≥ 3  17 (14)

Top 3 surgical procedures:

Potentially curative esophagectomy with gastric tube reconstruction 49 (40)

Potentially curative pylorus preserving pancreatico-duodenectomy 35 (29)

Non-curative gastro-enterostomy and/or  hepaticjejunostomy (single or 
double bypass) 17 (14)

Potentially curative surgical procedure 104 (85)

Usual bodyweight kg † 83.1 (15.8)

Present body weight kg † 75.6 (13.9)

Involuntary weight loss 83 (68)

Mean weight loss kg † 7.5 (6.7)

Weight loss ≥ 10% 31 (25)

BMI † 25.2 (3.8)

BMI < 18.5 2 (2)

BMI ≥ 30  14 (11)

Identified malnourished  31 (25)

All values are expressed as n (%) unless other indicated
† Mean (± SD)
ASA = American Society of Anaesthesiologists [ASA] classification defining preoperative fitness
BMI = body mass index was calculated by dividing the present body weight by squared body height (m2)
A BMI < 18.5 was defined as malnourished and a BMI ≥ 30.0 as obese
Malnutrition = was defined as >10% involuntary body weight loss and / or a BMI < 18.5
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The mean differences between the two measurements are shown in Table 3. The mean 
difference was the largest for FFM:  4.93 kg (± 6.22 kg, 95% limits of agreement -7.26 kg to 
17.12 kg) and the smallest for FMI: -1.46 kg/m2 (± 1.65 kg/m2, 95% limits of agreement -4.69 
kg/m2 to 1.78 kg/m2). The BA plots are depicted in the Figures 1a to 1d (left side). 

Classification agreement between SF-BIA and BIS – dichotomized data (FFMI, FMI)
Classification agreement between the devices could be classified as ‘slight’ for FFMI 
(.19, 95% CI .01 to .37) and ‘substantial’ for FMI (.67, 95% CI .51 to .83) (Tables 4a and 4b). 
Compared to the SF-BIA device, the BIS device classified a larger proportion of the patients 
as having a body composition outside the normal range in terms of low FFMI and high FMI. 

Table 2 Measurement agreement between SF-BIA and BIS to estimate body composition – continuous data 
(N=123)   

SF-BIA BIS ICC 
(95% CI)

Fat free mass kg 53.3 (9.7) 48.4 (8.8) .78 (.70 – . 84)

Fat free mass index kg/m2 17.7 (2.5) 16.1 (2.2) .55 (.41 – .66)

Fat mass kg 23.8 (8.7) 28.2 (10.0) .86 (.80 – . 90)

Fat mass index kg/m2 8.0 (2.9) 9.5 (3.3) .86 (.80 – . 90)

All values are expressed as mean (± SD)
SF-BIA = single-frequency bioelectrical impedance analysis
BIS = bioimpedance spectroscopy
ICC = intraclass correlation coefficient and 95% confidence interval (95% CI)
Fat free mass index kg/m2 = calculated by dividing fat free mass (kg) estimated by bioelectrical impedance 
analysis by squared height m2

Fat mass index kg/m2 = calculated by dividing fat mass (kg) estimated by bioelectrical impedance analysis by 
squared height m2

Table 3 Mean differences and 95% limits of agreement between SF-BIA and BIS (N=123)

Mean difference  
(± SD) 

95% limits of  
agreement

Fat free mass kg 4.93 kg (6.22) -7.26 to 17.12

Fat free mass index kg/m2 1.66 (2.25) -2.75 to 6.06 

Fat mass kg -4.40 (5.01) -14.23 to 5.42

Fat mass index kg/m2 -1.46 (1.65) -4.69 to 1.78

SF-BIA = single-frequency bioelectrical impedance analysis
BIS = bio-impedance spectroscopy
95% limits of agreement = mean difference ± 1.96 standard deviation of the difference between SF-BIA and 
BIS estimation
Fat free mass index kg/m2 = calculated by dividing fat free mass (kg) estimated by bioelectrical impedance 
analysis by squared height m2

Fat mass index kg/m2 = calculated by dividing fat mass (kg) estimated by bioelectrical impedance analysis by 
squared height m2
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Figure 1 Bland-Altman plots and absolute differences (N = 123) 

Figure 1a  Fat free mass (FFM) in kg 

Figure 1b  Fat free mass index (FFMI) in kg/m2 

Figure 1c  Fat mass (FM) in kg 
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Figure 1d  Fat mass index (FMI) in kg/m2

Table 4a Classification agreement between SF-BIA and BIS – fat free mass index (FFMI)

SF-BIA

Outside normal range Within normal range

BIS
Outside normal range 15 43 58

Within normal range 5 60 65

20 103 123

Kappa coefficient (95% confidence interval): .19 (.01 to .37)

Table 4b Classification agreement between SF-BIA and BIS – fat mass index (FMI) 

SF-BIA

Outside normal range Within normal range

BIS
 Outside normal range 86 14 100

 Within normal range 1 22 23

87 36 123

Kappa coefficient (95% confidence interval): .67 (.51 to .83)

The Bland-Altman plots on the left side of the figures 
show the difference between the estimated FFM, 
FFMI, FM, and FMI by SF-BIA and BIS for each patient 
(y-axis) against the average value estimated by SF-BIA 
and BIS for each patient (x-axis). 
The horizontal solid line (y=0) represents perfect 
agreement; the upper and lower dotted lines show 
the 95% limits of agreement.  

The right side of the figures show the absolute differ-
ences for FFM, FFMI, FM, and FMI between SF-BIA and 
BIS. 

FFMI = fat free mass index kg/m2. FFMI is calculated by 
dividing fat free mass (kg) estimated by bioelectrical 
impedance analysis by squared height m2

FMI = fat mass index kg/m2.  FMI is calculated by di-
viding fat mass (kg) estimated by bioelectrical imped-
ance analysis by squared height m2

SF-BIA = single-frequency bioelectrical impedance 
analysis
BIS = bioimpedance spectroscopy
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Sixteen percent (20 /123) of the patients demonstrated a low FFMI range if measured with 
a SF-BIA vs. 47% (58/123) by BIS (P < .001). A high FMI was demonstrated in 71% (87/123) of 
the patients according to SF-BIA vs. 81% (100/123) by BIS (P = .001). 

Discussion  

This prospective observational study among preoperative patients scheduled for major 
abdominal surgery, evaluates the reliability between the estimates of SF-BIA and BIS, two 
different BIA devices to determine body composition. 

The ICCs between the measures showed substantial to almost perfect agreement for 
FFM and FM, respectively. However, in-depth analyses showed that the SF-BIA measure-
ments exceeded those of the BIS with an average of about 5 kg for FFM. Consequently, the 
FM measurements by SF-BIA were on average about 4 kg lower than the BIS estimates. The 
intervals of the limits of agreement of FFM and FM were also relatively wide, indicating 
that large differences in measurements were observed. 

Moreover, the classification of body composition based on the dichotomized FFMI and 
FMI, was influenced by the used device. Compared to the SF-BIA device, the BIS device 
classified a larger proportion of the population as having a body composition outside the 
normal range in terms of low FFMI and high FMI. 

In recent years, it has increasingly been recommended not only to evaluate body 
weight and to calculate BMI, but also to measure the various body compartments in order 
to determine the nutritional status. BIA estimates and their derived calculations are often 
routinely used for hospital patients to evaluate (changes in) nutritional status and follow-
ing therapeutic (surgical) interventions.39 

This reliability study shows that the results derived from two different BIA devices are 
not simply interchangeable; the SF-BIA device and BIS device classify substantially other 
numbers of patients as having a body composition outside the normal range. 

Given the fact that clinical decisions are made based on these dichotomized FFMI 
and FMI values, this can influence the choices of the caregiver. Therefore, an inadequate 
estimation of the FFMI is of great significance as underestimation may wrongly result in 
the start of physical therapy, and/or dietary therapy or even in the postponement of the 
scheduled surgical procedure. 7, 14, 19  

The differences between SF-BIA and BIS with regard to the estimations of body compo-
sition cannot be explained by circumstances in the examination room or patients’ related 
aspects (eg, movements, position) as the two measured were performed under the same 
circumstances within a very short time frame. 

A minor weakness in this study was the fact that we did not use the SF-BIA device and 
BIS device in a random order. However, we do not assume this has distorted our results 
because the output generated by the devices was automatically transferred and could not 
be manipulated by the researcher who performed the measurements.

In general, it is assumed that an estimation performed by BIS is more reliable than 
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an estimation performed by SF-BIA. Theoretically, BIS estimates intracellular water more 
accurately, which subsequently should contribute to a better estimate of the FFM. 40 With 
regard to optimal care and efficiency it is necessary to have certainty which BIA device 
contributes to the most valid estimate of a specific body compartment in a population of 
preoperative patients. Based on the present data, we cannot conclude which of the two 
devices is superior to the other, as no validation was carried out comparing the devices to 
a reference method regarded the gold standard (hydrostatic weighing, air-displacement 
plethysmography, dual energy X-ray absorptiometry, magnetic resonance imaging, and 
computed tomography). 21, 22 – 26 According to our knowledge, no studies have been per-
formed in patients undergoing major abdominal surgery measuring a certain body com-
partment using a reference method assumed suitable and various BIA devices at the same 
point in time to evaluate which device contributes to the most valid estimation. In future 
we plan to perform BIA estimations and CT scans at the same time point in patients sched-
uled for major surgery. These CT scans, primarily performed to establish a diagnosis and 
to follow disease progression, can also be used as reference method to evaluate FFM and 
FM. Based on these data, we will be able to conclude whether the SF-BIA device or the 
BIS device generates the most valid estimations in patients undergoing major abdominal 
surgery, or whether they are possibly both inaccurate. 

Conclusion
This prospective observational study among preoperative patients scheduled for major 
abdominal surgery shows good ICCs between SF-BIA and BIS for FFM and FM. However, 
the mean differences between SF-BIA and BIS measurements were substantial, indicating 
that the two devices are not interchangeable. In addition, compared to SF-BIA, BIS clas-
sified a larger proportion of patients as having a body composition outside the normal 
range. In order to achieve optimal care, more research is needed to determine which 
device obtains the most valid estimate for measuring body composition.
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