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Abstract. Bioelectrical impedance phase angle has been recommended as a tool to assess nutrition state, but there are no 
measuring devices have been specially designed for hospital residents. In this study, a system was established for the meas-
urement of bioelectrical impedance phase angle. The electrical composition, calculation method and measuring method of 
this system are presented in this paper. Experiments showed excellent performance of this system in measuring impedance 
made of resistors and capacitors. The designed system was also used to measure the bioelectrical impedance phase angle of 
both healthy subjects and patients with malnutrition, and the results demonstrated that the phase angle of patients with malnu-
trition is lower than that of healthy subjects (P < 0.01 for male and P < 0.05 for female). These results suggest that phase 
angle has the potential to be a useful tool for the quantitative assessment of nutritional status. 
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1. Introduction 

Bioelectrical impedance analysis has been widely used in hospital and research area because it is a 
safe, non-invasive, convenient and economic technology [1]. Biological tissue can be described as a 
three-component model, which contains extracellular resistance, Ro, intracellular resistance, Ri, and 
membrane capacitance, Cm [2]. Ro is parallelly connected with the series connection of Ri and Cm. 
When an alternate current, I, flows in biological tissue, a potential difference, V, and a phase shift, �, 
occur. The impedance, Z, and its phase angle (PhA) can be written as V/I and �, respectively. These 
two parameters and frequency of current have been used to predict nutritional risks in hospital resi-
dents, in addition to the well-known body component analysis (BCA). However, except impedance 
and PhA, body component data are acquired through regression equations, which are based on age, 
gender, height and weight of healthy subjects and are not suitable for patients. Due to the lack of bioe-
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lectrical impedance data of hospital residents, rough data, which are not based on regression equations, 
should be used in nutrition assessment to reduce prediction error. 

Previous researches have proved that the impedance and PhA of 50 kHz carry both intra- and extra-
cellular information. Moreover, PhA is more appropriate than impedance for the assessment of nutri-
tional status, because PhA presents the degree of cellular health [3,4]. In healthy persons, PhA ranges 
from 5° to 7° [5], and in athletes it may reach 9.5° [6]. Low PhA indicates pathological membrane 
state and function.  

In patients suffering from malnutrition, PhA can reflect the early water shift from intracellular to ex-
tracellular space [7–9]. Thus, disease related malnutrition is associated with electrical changes, which 
can be measured through bioelectrical impedance analysis [10]. Several researches have proved the 
close relation between PhA and nutrition state. In hemodialysis patients and patients with renal or gas-
trointestinal disease, PhA exhibits a negative correlation with the Subjective Global Assessment (SGA) 
score [10,11]. PhA indeed correlates with various indices of functional (e.g., r = 0.53 with grip 
strength in liver cirrhosis, r = 0.4 with knee extension strength and r = 0.35 with Barthel Index in el-
derly institutionalized subjects) and nutritional (e.g., r = 0.6 with albumin, r = 0.53 with SGA) status 
[10,12]. The improvement of nutritional status is also accompanied by a rise in PhA. Studies show that 
in patients with Anorexia Nervosa, PhA increased by 0.6° after 15 weeks of successful nutritional 
therapy, and 1.1° in the stable refed state [13,14]. In malnourished patients with benign gastrointestinal 
disease, PhA increased by 0.34°±0.91° after three months of nutritional intervention [15]. 

Although PhA has a considerable potential in nutritional status evaluation, currently available in-
struments used for PhA measurement are only impedance analyzer and body component measuring 
apparatus. Impedance analyzer is not specifically designed for the measurement of bioelectrical im-
pedance, while body component measuring apparatus lacks PhA measuring accuracy because it targets 
mainly body components of normal people. In order to design a bioelectrical impedance measuring 
system with a particular focus on PhA, and to verify its function in hospital residents, the present study 
was conducted. PhA and bioelectrical impedance of patients with malnutrition and healthy subjects 
were measured, using the designed system. The measured PhA of patients were compared with those 
of healthy subjects as well as previously published data. Possible future work is also discussed in this 
paper. 

2. Materials and methods 

2.1. Electrical schematic of the system 

The bioelectrical impedance measuring system designed in this study is based on AD5933, a high-
precision impedance converter system solution that combines an on-board frequency generator with a 
12-bit, 1 MSPS, analog-to-digital converter (ADC). The electrical schematic of the system is shown in 
Figure 1. 

AD5933 and MAX4684, an analog switch, are controlled by PIC16F873A, a microcontroller pro-
vided by Microchip Technology Inc. AD5933 outputs a constant voltage, Vo, between the pins of VIN 
and VOUT. First, VIN and VOUT were set to connect with NO1 and NO2, respectively. The calibra-
tion resistance, R0, is connected to the RFB pin of AD5933. Therefore, the input signal to inner ADC 
of AD5933 is Vs1=-VoRFB/R0, according to the datasheet of AD5933. Second, VIN and VOUT were set 
to connect with NC2 and NO1, respectively. The constant voltage output at VOUT is converted to a 
constant current by the voltage to current transform circuit, which consists of an operational amplifier, 
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2 2 2 0 1 2( ) [ / ( )]z z s FBR jI DFT V DFT GZR V R R+ = = − . (2) 

 
Since the right side of Eq. (1) has no imagery part, it can be rewritten as 

 

1 1 0( ) / [ ]z s FB oR DFT V R R DFT V⋅= = − , (3) 

 
while Eq. (2) can be expressed as 
 

1 2 0/ ( ) [ ]j
FBKe GZR R R DFT Vα = − ,  (4) 

 
where 
 

2 2 2
2 2z zK R I= + , (5) 

2 2( / )z zatan I Rα = . (6) 

 
In order to simplify the calculation, the values of R0, R1, R2 and G need to be carefully chosen to 

make the value of R1R2/(GR0) an integral. Finally, the values of R0, R1, R2 and G were chosen as 1.5 
k�, 1.5 k�, 1 k� and 1. Hence, the bioelectrical impedance, Z, and its PhA, �, can be calculated with 
Eqs. (3)-(6) as 
 

11000 / zZ K R= , (7) 

θ α= . (8) 

 
All these calculation were done by a computer program written in C++ programming language. On-

ly the impedance and PhA of 50 kHz were used and other data were saved for future use. When the 
measurement was carried out, Rz1 was firstly obtained from the known resistance R0. Then, Iz2 and Rz2 
were acquired from the bioelectrical impedance to be measured. Finally, Z and � were calculated with 
the computer program. 

2.3. Subjects and measuring method 

The study included fifteen healthy adult subjects, 9 male and 6 female, recruited from our lab, and 
they were divided into two groups by gender. Patients with malnutrition recruited from hospital resi-
dents, including 9 male and 6 female, were also divided into two groups by gender. Informed consents 
were obtained from all volunteers prior to the measurement. 

During the measurement, each subject laid flat on their back on a bed. Adhesive gel electrodes (3M 
RedDot) were placed at defined anatomical sites on the dorsal surfaces of the subject’s hand, wrist, 
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ankle, and foot according to previous studies as follows: the proximal edge of the first measuring elec-
trode was attached from an imaginary line at styloid process of the ulna and the distal edge of the fin-
ger current injecting electrode on an imaginary line from the middle of the metacarpophalangeal joints 
of the index and middle fingers. The distal edge of the toe current injecting electrode was placed from 
an imaginary line through the middle of the metatarsophalangeal joints of the second and third toes. 
The proximal edge of the ankle joint measuring electrode was attached along a line through the highest 
points of the outer and inner ankle bones. Detailed description of the measurement procedure has been 
given by Kushner [16]. 

For each subject, the bioelectrical impedance and PhA were measured three times, and the mean 
value was adopted for analysis. All data are presented in the form of mean � SD in this paper. The 
statistical analysis was performed by using SPSS. The PhA and impedance of different groups were 
compared through analysis of variance (ANOVA). A P<0.05 was considered indicating a significant 
difference. 

3. Results 

In order to verify the accuracy of the system, resistors and capacitors with known values were used 
for experiments. The values of these components were selected to mimic the PhA of people. Table 1 
shows the values of resistors and capacitors measured by digital multimeter, as well as the impedance 
and PhA obtained by the designed system. Obviously, the system has a good performance when meas-
uring known impedance. 

Table 2 and Figure 2 show the values of impedance and PhA of healthy subjects and patients with 
malnutrition. In healthy subjects, the mean PhA of male is higher than that of female (P<0.05). This is 
consistent with the findings of previous studies [5,17,18]. However, there is no significant difference 
between the PhA of male and female patients with malnutrition (P>0.05). The mean PhA of both male 
and female patients with malnutrition are lower than those of healthy subjects (P<0.01 for male, 
P<0.05 for female). This is also consistent with the findings of previous studies [17–19]. There is no 
significant difference between the impedance of any two groups (P>0.05). Considering the small sam-
ple size, only gender difference was considered. 

 
Table 1 

Impedance consists of resistors and capacitors 

 Group 1 Group 2 Group 3 

Ri (�) 1000 1000 750 
Ro(�) 750 500 500 
Cm(�F) 1 1 2 
Real Z(�) 429 333 300 
Real PhA(°) 7.8 6.1 4.9 
Measured Z(�) 435 338 302 
Measured PhA(°) 7.8 6.2 4.9 

Note: Real Z and Real PhA denote the values calculated from the values meas-
ured by digital multimeter. Measured Z and Measured PhA denote the values ob-
tained from the system presented in this paper. 
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electrodes is another important factor influencing the measured PhA because slight movement of any 
one of the electrodes would lead to changes of PhA, as well as impedance. Hence, during PhA meas-
urement, it is also important to follow the already established process for determining electrodes posi-
tions to improve comparability between various kinds of studies. 

In this study, only the impedance and PhA of 50 kHz were used. Although it has been widely ac-
cepted that 50 kHz is a proper frequency in nutrition assessment, more rough data of other frequencies 
may increase the accuracy of diagnosis. It is easy to obtain the extracellular resistance, Ro, by using 
low frequency injecting current. When Ro is known, the intra- cellular resistance, Ri, could be obtained 
by injecting high frequency current. Together with the impedance of 50 kHz, membrane capacitance, 
Cm, could also be calculated. Assuming that the three components do not change with frequency, im-
pedance and PhA of the whole frequency band can be calculated and described in a diagram. Such da-
ta and diagrams will greatly help in assessing nutrition state. 

Although the numbers of healthy subjects and patients in this study were small, a certain relation-
ship between PhA and nutrition state was revealed. Patients with a better nutrition state showed rela-
tively higher PhA than the patients with severe malnutrition, such as patients with liver cancer or he-
patic failure. This phenomenon suggests that PhA has the potential to be a quantitative index in as-
sessing nutrition state while current assessing methods such as SGA contain many subjective factors. 
Therefore, a large number of subjects with malnutrition in hospital residents will be recruited in our 
future study. Meanwhile, the control group will include healthy subjects of more diverse gender, age, 
height and weight. However, phase angle can be influenced by many factors, and the limitation of this 
measuring system and factors may influence the measurement. For example, skin moisture, charges 
produced by friction of clothes and slight movement of subjects all affect the measuring results. More-
over, phase angle is closely associated with Body Mass Index (BMI). In other words, patients with 
higher BMI might have the same phase angle with healthy persons with lower BMI. In order to over-
come these limitations in PhA measurement and data analysis, the circuit and electrodes system should 
be improved and standard measuring process and appropriate data processing methods should also be 
established. Finally, a nutrition state assessing method based on PhA is expected to be established and 
implemented in clinical trials. 
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