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Bioelectrical impedance analysis (BIA) is commonly used to assess body composition.
Cross-mode (left hand to right foot, ZCR) BIA presumably uses the longest current path in the
human body, which may generate better results when estimating fat-free mass (FFM). We
compared the cross-mode with the hand-to-foot mode (right hand to right foot, ZHF) using
dual-energy x-ray absorptiometry (DXA) as the reference. We hypothesized that when
comparing anthropometric parameters using stepwise regression analysis, the impedance
value from the cross-mode analysis would have better prediction accuracy than that from
the hand-to-foot mode analysis. We studied 264 men and 232 women (mean ages, 32.19 ±
14.95 and 34.51 ± 14.96 years, respectively; mean bodymass indexes, 24.54 ± 3.74 and 23.44 ±
4.61 kg/m2, respectively). The DXA-measured FFMs in men and women were 58.85 ± 8.15
and 40.48 ± 5.64 kg, respectively. Multiple stepwise linear regression analyses were
performed to construct sex-specific FFM equations. The correlations of FFM measured by
DXA vs FFM from hand-to-foot mode and estimated FFM by cross-mode were 0.85 and 0.86
in women, with standard errors of estimate of 2.96 and 2.92 kg, respectively. In men, they
were 0.91 and 0.91, with standard errors of the estimates of 3.34 and 3.48 kg, respectively.
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Bland-Altman plots showed limits of agreement of −6.78 to 6.78 kg for FFM from hand-to-
foot mode and −7.06 to 7.06 kg for estimated FFM by cross-mode for men, and −5.91 to 5.91
and −5.84 to 5.84 kg, respectively, for women. Paired t tests showed no significant
differences between the 2 modes (P > .05). Hence, cross-mode BIA appears to represent a
reasonable and practical application for assessing FFM in Chinese populations.

© 2015 Elsevier Inc. All rights reserved.

1. Introduction

The rates of overweight and obesity are increasing at
alarming rates worldwide [1,2]. In the past, public health
organizations sought to increase the awareness of the risks
associated with overweight and obesity mainly by using the
body mass index (BMI) as an indicator of these conditions [3].
However, there are limitations to the current anthropometric
measurement methods, including not only BMI but also, for
example, skinfold thickness and body circumference. These
methods can be both time-consuming and inaccurate when
estimating total body fat in the general population, and such
limitations decrease the utility of periodically monitoring
individuals' adiposity to prevent obesity. Currently, dual-energy
x-ray absorptiometry (DXA) is considered one of the most
accurate methods for assessing body composition [4].

Bioelectrical impedance analysis (BIA) is a safe, quick, low-
cost, noninvasive method that has been widely used clinically
in hospitals and epidemiologic research institutions [5,6] for
assessing various populations, including teenagers, athletes,
and abnormal-weight subjects [7–10]. The BIA method has
become increasingly popular for assessing body composition
because of its simple, reproducible steps [5,6]. When validat-
ing BIA using DXA as the reference method, however, it
produced inconclusive results across different studies [11–13].
Bioelectrical impedance analysis methods use various mea-
suring modes to evaluate body composition, such as the
hand-to-hand, foot-to-foot, and hand-to-foot modes. Among
these modes, hand-to-foot BIA conducted in the supine
position using tetrapolar gel electrodes and an 8-electrode
impedance meter has demonstrated good accuracy for
measuring fat-free mass (FFM) [14–16]. Moreover, recent
studies have found that the hand-to-foot mode in the
standing position generated better results when evaluating
body composition than the other 2 modes [17,18]. Although
this mode has been well validated in the supine position, it is
time-consuming when compared with measurements in the
standing position. Thus, more studies are needed to validate
the accuracy and precision of standing BIA.

When developing techniques to evaluate the FFM and the
percentage of body fat, BIA prediction equations have focused
on young, healthy populations [19,20]; however, equations
focusing on verifications in obese and older populations are
also required [21,22]. We may be able to estimate the body fat
percentage, or fat mass (FM), via a BIA equation [23]. Based on
the principles of the 2-component BIA prediction equation,
however, we would first need to know the FFM to calculate
the FM. Hence, the accuracy for estimating FFM would be the
most important part of the BIA equation.

Cross-mode BIA presumably uses the longest electrical
current path in the human body to measure impedance. We

therefore hypothesized that the longest current path of cross-
mode impedance measurements may provide more accurate
results than the traditional hand-to-foot BIA prediction
equation. Accordingly, we here measured the impedance
value using both cross-mode and hand-to-foot mode BIA in
the standing position. We used the same anthropometric
parameters and FFM reference values obtained from DXA
measurements, and applied stepwise regression analysis to
investigate the FFM prediction accuracy for male and female
subjects using the 2 different methods.

2. Methods and materials

2.1. Participants

A purposive sampling approach was adopted to recruit
subjects 17 to 75 years of age in Taiwan. The subjects were
recruited by advertisements in the local communities. A
flowchart of the subject screening is shown in Fig. 1. A total

Fig. 1 – Flowchart of the study participant selection.
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