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ABSTRACT

Background: Phase angle is an indicator based on reactance and
resistance obtained from bioelectrical impedance analysis (BIA).
Although its biological meaning is still not clear, phase angle appears
to have an important prognostic role.

Objective: The aim of this study was to estimate population aver-
ages and SDs of phase angle that can be used as reference values.
Design: BIA and other methods used to evaluate body composition,
including hydrodensitometry and total body water, were completed
in 1967 healthy adults aged 18-94 y. Phase angle was calculated
directly from body resistance and reactance, and fat mass (FM) was
estimated from the combination of weight, hydrodensitometry, and
total body water by using the 3-compartment Siri equation. Phase
angle values were compared across categories of sex, age, body mass
index (BMI), and percentage FM.

Results: Phase angle was significantly (P < 0.001) smaller in
women than in men and was lower with greater age (P < 0.001).
Phase angle increased with an increase in BMI and was significantly
inversely associated with percentage fat in men. Phase angle was
significantly predicted from sex, age, BMI, and percentage FM in
multiple regression models.

Conclusions: Phase angle differs across categories of sex, age, BMI,
and percentage fat. These reference values can serve as a basis for
phase angle evaluations in the clinical setting. Am J Clin Nutr
2005;82:49-52.
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INTRODUCTION

Bioelectrical impedance analysis (BIA) is a noninvasive, in-
expensive, and portable method that has been used mainly for
body-composition analysis over the past decade. However, BIA
does not measure body composition directly. It measures 2 bio-
electrical parameters: body resistance and reactance. Resistance
is the opposition offered by the body to the flow of an alternating
electrical current, and it is inversely related to the water and
electrolyte content of tissue. Reactance is related to the capaci-
tance properties of the cell membrane, and variations can occur
depending on its integrity, function, and composition (1).

BIA is considered to be a statistically derived fat-estimation
method, because it depends on a regression analysis between
impedance and a reference method for the development of a
prediction formula (2). Many prediction equations are available
to estimate body compartments as a function of resistance, reac-
tance, anthropometric variables (weight and height), sex, and

age. Prediction equations are only valid for the specific popula-
tion they are developed for, which makes these equations inap-
propriate in clinical situations. Patients who are malnourished,
who are critically ill, and who have eating disorders have a fluid
imbalance; therefore, the constant hydration of lean body mass
may not be acceptable (3).

Phase angle is a derived measure obtained from the relation
between the direct measures of resistance and reactance (4).
Phase angle is calculated directly from reactance and resistance:

Phase angle = arc-tangent reactance/resistance X 180°/m
()

Its biological meaning and pathogenic effects are not completely
understood. Phase angle has been interpreted as an indicator of
membrane integrity and water distribution between the intra- and
extracellular spaces (4). Phase angle has also been used to predict
body cell mass (5, 6); for this reason, it has also been used as a
nutritional indicator in adults and children (6, 7).

Some authors have studied the role of phase angle as a prog-
nostic indicator. A positive association was shown between
phase angle and survival in patients with HIV-positive AIDS (4,
8), with lung cancer (9), undergoing hemodialysis (5, 7), and who
are critically ill (10, 11). These authors suggested that phase
angle could be an important tool for evaluating clinical outcome
or for monitoring disease progression and may be superior to
other serum or anthropometric nutritional indicators.

The lack of phase angle reference values has limited its use in
clinical and epidemiologic situations. Such values are needed to
properly assess individual deviations in relation to the population
average and to analyze the influence of phase angle on various
outcomes within epidemiologic studies. We conducted the
present study to understand the relation between phase angle and
such variables as sex, age, race, and body-composition indicators
[eg, body mass index (BMI) and percentage fat]. We also esti-
mated population averages and SDs for phase angle to serve as
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reference values. With these reference values, it is possible to
standardize individual values and to make comparisons between
different age and sex groups in clinical or population studies.

SUBJECTS AND METHODS

Between 1986 and 1999, a study to evaluate body composition
was performed at the St Luke’s—Roosevelt Hospital Center in
1967 healthy adults aged 18-94 y, who were recruited from
hospital staff and the local area. All subjects were fully informed
about the study objectives and methods and were asked to sign a
written consent form. The Institutional Review Board of St
Luke’s—Roosevelt Hospital approved the study.

The subjects were studied after fasting for =8 h. Several body-
composition tests were performed, such as hydrodensitometry
and total body water (TBW). Of direct interest to the present
analysis, body weight (BW) was measured to the nearest 0.1 kg
with a Weight-Tronix Scale (Scale Electronics Development,
New York, NY) while each subject was wearing a hospital gown,
underwear, and no shoes; height was measured to the nearest 0.1
cm with a wall-mounted stadiometer (Holtain Ltd, Crosswell,
United Kingdom). BMI (in kg/m?) was calculated as body
weight/height squared. BIA was performed with the use of an
RJL instrument (model 101; RJL Systems, Mt Clemens, MI),
which applies an 800- A current at a frequency of 50 KHz. The
measurements were performed under a strict standardization of
the procedure, according to the National Institutes of Health (12).
The subjects were in a supine position 5 min before the measure-
ment, which was performed under a thermoneutral environment
of 25 °C. Phase angle was calculated as previously described (1).
Fat mass (FM) was estimated by using the three-compartment
Siri equation:

FM = 2.1 X body volume — 0.8 X TBW — 1.3 X BW
2
and %FM was estimated as
%FM = (FM/weight) X 100 3

Total body water was obtained from tritium space (*H,O; in L)
and corrected for nonaqueous hydrogen exchange. The details
about these body-composition methods (TBW and hydrodensi-
tometry) are described in detail elsewhere (2).

The statistical analyses were performed by using STATA 6.0
(Stata Corporation, College Station, TX) (13). The correlations
between phase angle and the other variables were estimated. The
crude effect of sex, race, age, BMI, and %FM on phase angle was
assessed by comparing the means of the first 2 variables (7 test
and ANOVA, respectively) and by using the correlation coeffi-
cients for the last 3 variables. A multiple linear regression anal-
ysis was used to adjust the effects of the variables and to identify
those variables that were independently associated with phase
angle. On the basis of these results, we could identify the smallest
set of variables that explained most of the observed variability, so
that reference values could be calculated for the smallest number
of subgroups. The usual significance level of 5% was used for all
tests.

RESULTS

The age, weight, height, and BMI of the 1967 study subjects
are presented in Table 1; 46% of the subjects were white, 22%

TABLE 1
Age, weight, height, and BMI of the study subjects’
Men Women

(n = 832) (n = 1135) P’
Age (y) 46.3 £ 18.3 48.1 £17.7 0.02
Weight (kg) 77.5 £ 14.7 679 £ 17.5 < 0.001
Height (cm) 173.6 £ 7.6 161.5 7.0 < 0.001
BMI (kg/m?) 25.6 £4.2 26.0 + 6.4 0.1

! All values are x = SD.
2t test.

were African American, 14% were Asian, and 18% were His-
panic or of another race. The women (58%) were significantly
older than the men. The mean BMI was 25.9; and no significant
difference was found between the women and the men.

Phase angle was significantly larger in the men than in the
women (7.48 = 1.10° and 6.53°%+ 1.01 °, respectively; P <
0.001). A comparison of phase angle by race showed a significant
difference in crude analysis (P < 0.001): 6.55 + 1.10° for
Asians, 6.82 £+ 1.13 ° for whites, 7.00 £ 1.01 ° for multiracial
subjects, 7.21 £ 1.19 ° for African Americans, 7.33 & 1.13 ° for
Hispanics, and 7.45 = 0.98 ° for other races.

Phase angle showed a positive correlation with BMI (R* =
0.17) and a negative correlation with age and %FM (R*> = —0.49
and —0.32, respectively); all correlations were significant (P <
0.001).

The final regression model obtained was rather complex and
explained almost one-half of the observed variance in phase
angle (R* = 0.49). After age and sex were controlled for, race was
no longer significant, which suggested that the crude association
was due to confounding. Sex, age, BMI, and %FM remained
associated with phase angle, including the interactions of sex
with age and of BMI with %FM. However, for sex and age it was
possible to achieve 82% of the variability explained by the full
model (0.40 out of 0.49).

Because BMI was significantly associated with phase angle in
the previous analysis, it was important to check whether the
distribution of this variable in our sample was similar to its
distribution in the population. We thus compared the mean
BMIs, by sex and age, with the mean BMIs published by Flegal
and Triano (14) with the use of population-based data from the
third National Health and Nutrition Examination Survey
(NHANES III). Some differences were found: men and women
from the study conducted in New York had a BMI lower than that
of the NHANES III value, especially those aged >50 y. (The
largest mean differences in BMI were 1.7 in men and 2.3 in
women.) To correct for this difference, phase angle values were
adjusted by NHANES III BMI means for each age and sex cat-
egory. Mean differences of 0.03 and 0.04 ° were found between
the original and adjusted values for women and men, respec-
tively. The largest differences were found in persons aged >70
y:—0.09° (—=1.5%) in women and —0.07° (—1.1%) in men. The
corrections were of no clinical relevance, and the adjustment for
BMI was abandoned.

Given that sex and age accounted for most of the phase angle
variability explained by available variables and that BMI and
%FM are not always available in clinical situations (eg, for bed-
ridden patients), phase angle reference values were estimated for
the subgroups generated by sex and age only.

6102 1890100 20 U0 1s9nB Aq /4Z7£98Y/6+/1/Z8NveNsqe-0]o1e/udle/Wod dno olWspeoe)/:sdjy WoJj paPEojUMOQ



REFERENCE VALUES FOR PHASE ANGLE BY AGE AND SEX 51

TABLE 2
Phase angles according to age group and sex’
Phase angle

Men Women
Age group (n = 832) (n = 1135) P?
1820y 7.90 £ 0.47 (6.97, 8.75) [17] 7.04 £ 0.85 (5.90, 8.91) [20] <0.001
20-29y 8.02 = 0.75 (6.83,9.17) [178] 6.98 + 0.92 (5.64, 8.55) [171] <0.001
30-39y 8.01 £ 0.85 (6.64,9.48) [178] 6.87 £ 0.84 (5.57, 8.36) [242] <0.001
4049y 7.76 £ 0.85 (6.53,9.00) [121] 6.91 £+ 0.85 (5.57, 8.33) [165] <0.001
50-59y 7.31 £ 0.89 (6.12, 8.68) [106] 6.55 = 0.87 (5.48, 7.96) [205] <0.001
60-69 y 6.96 = 1.10 (5.40, 8.88) [111] 5.97 £ 0.83 (4.69, 7.48) [180] <0.001
=70y 6.19 = 0.97 (4.77, 8.01) [121] 5.64 = 1.02 (4.22,7.04) [152] <0.001

! All values are ¥ = SD; 5th and 95th percentiles in parentheses. n values in brackets.

2t test.

The distribution of phase angle was fairly normal in our data.
Mean (£SD) phase angles, and 5th and 95th percentiles, are
shown by age and sex in Table 2. The overall mean phase angle
meanwas 6.93 £1.15°,7.48 £ 1.10 °formen, and 6.53 £ 1.01 °
for women. Phase angle was significantly greater in the men than
in the women in all age categories. There was a significant and
decreasing linear trend in phase angle with age, in both sexes.
Phase angle decreased from 7.90 ® (youngest group) to 6.19 ©
(oldest group) in men and from 7.04 ° (youngest group) to 5.64 ©
(oldest group) in women.

DISCUSSION

Phase angle has been reported to be a prognostic tool in various
clinical situations, such as HIV (4, 8), bacteremia (15), cirrhosis
oftheliver (16), renal disease (5, 17-19), pulmonary tuberculosis
(20), and cancer (9, 21). Despite this, relatively little is known
about reference values for phase angle in healthy populations.
The objective of this study was to obtain phase angle values in a
sample of healthy subjects who were volunteers in other body-
composition studies. This fact enabled us to study not only phase
angles but also the relation of phase angles to other characteris-
tics of body composition, such as body fat measured by using
reference methods.

Phase angle can be calculated as the arc-tangent of the ratio of
reactance to resistance and then converted to degrees. Some
authors have used a simplified equation (phase angle = reac-
tance/resistance; converted to degrees) to obtain its value. Al-
though not strictly correct, the simplified equation gives similar
results because the ratio between reactance and resistance results
in very small values (from 0.06 to 0.2 in our sample). In this
situation, the arc-tangent returned a similar value, but this would
not have happened if the values were larger.

The high inverse correlation with age and positive correlation
with BMI were also found by Dittmar (22). The finding of a
higher phase angle in persons with a higher BMI is not surprising.
Phase angle is directly related to cell membranes (amount and
functional status), which are what reactance stands for. Persons
with higher BMIs have more cells (fat or muscle cells), and this
results in higher phase angle values.

The age- and sex-related differences found in our study were
not found in some previous studies. Baumgartner et al (1), in the
first study of phase angle and body composition, found no sig-
nificant difference in phase angle values between sex and age

groups. Selberg and Selberg (16) also found no significant dif-
ference in phase angle values by sex in healthy subjects, probably
because of their very small sample size (74 adults and 48 subjects
aged <18 y in Baumgartner et al’s study and 50 subjects in
Selberg and Selberg’s study) and consequent lack of power. This
difference, however, was found in larger studies of healthy adults
(23, 24) and in a hemodialysis population (25). Buffa et al (26)
also showed a significant decrease in phase angle with age in
healthy elderly subjects, and Kyle et al (27) found the same age
and sex differences in 2740 healthy adults.

The decrease in phase angle values with increasing age may
suggest that phase angle is an indicator of function and general
health, not only an indicator of body composition or nutritional
status. The phase angle values found in a hemodialysis popula-
tion were clearly smaller than those found in our healthy sample
(median: 5.16 © in men and 4.01 © in women) (25). In the same
study, the presence of diabetes resulted in phase angle values that
were even smaller. A mean phase angle of 4.57 © was found in
lung cancer patients, and the survival of patients with a phase
angle smaller than this value was significantly shorter (9). The
use of standardized values found in our study makes possible the
individual comparison of healthy and sick people with its age-
and sex-specific phase angle mean. This approach is more likely
to indicate a high-risk situation than is the comparison of indi-
vidual values with the overall mean phase angle.

A study conducted in a Swiss population of healthy subjects
was designed to determine reference values for fat-free mass,
FM, and %FM obtained from BIA (23). In the Swiss population,
phase angle values were smaller than those found in the present
study (10.5% in men and 7.7% in women). Although the preva-
lences of overweight and obesity were lower in the Swiss study
than in the US population in the present study, phase angle values
remained smaller even after adjustment for BMI and %FM. This
may suggest that phase angle, as other anthropometric variables,
may have reference values that are specific to each population.
Further studies are necessary to show how phase angle differs
between different populations and whether they vary with the
bioimpedance device used.

Once the sample was obtained from the subjects, we needed to
know whether it could be considered representative of the US
population. The adjustment for differences in the BMI distribu-
tion in the NHANES III data presented no clinically relevant
effect on age- and sex-specific phase angle values. We are con-
fident that our results can be used as reference values for the US
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population and possibly for other populations with similar body
composition. However, the reference values for the youngest
group (1820 y of age) in our study should be used with caution
because of the small sample size of each sex in this group.

Because phase angles differ by age and sex, it becomes diffi-
cult to compare values across populations of different sexes and
of different age groups. One way to make such values compara-
ble, regardless of age and sex, is to standardize them, as is com-
monly done with nutritional status (eg, weight is standardized for
age and sex and transformed into a z score). Standardized phase
angles for specific age and sex groups can be obtained by divid-
ing mean age- and sex-specific phase angles by their SDs. Stan-
dardized phase angles have a mean of 0 and an SD of 1 for
everyone and are comparable regardless of age and sex.

The prognostic role of phase angle is easier to assess if stan-
dardized values are used. Standardized phase angles on the pos-
itive side of the scale (ie, values greater than the mean) are
expected for healthy subjects. Sick individuals (eg, cancer pa-
tients) are expected to have negative standardized phase angles
(ie, values lower than the mean), which become increasingly
lower with a worsening prognosis. The use of standardized phase
angles are likely to produce better results than is the use of a
single population reference value for identifying high-risk per-
sons.

In summary, we showed that phase angle changes with sex and
age. Its dependence on body composition is complex, being
determined by BMI, %FM, and their interaction. The age- and
sex-specific means and SDs presented in this study make it pos-
sible to calculate standardized phase angle values that make
comparisons across subjects possible, even when the age and sex
of the population vary widely. Also, studies of the prognostic
value of phase angle in various subject groups—such as surgical,
cancer, and intensive care patients—will now have access to
a single set of reference values. Furthermore, cutoffs deter-
mined to identify high-risk subjects, based on standardized
phase angles, will not depend on the age and sex structure of
the studied samples. & |

We thank the Obesity Research Center (St Luke’s—Roosevelt Hospital
Center), especially Frederick Rubiano (Human Body Composition Labora-
tory Supervisor) and Dana Kotler.

MCGB-S proposed the idea of the paper and had primary responsibility for
the data analysis and the writing of the manuscript. AJDB helped choose the
methodologic approach and helped with the data analysis and the writing of
the manuscript. JW, SBH, and RNP Jr designed the experiment, conducted
the study from which the data originated (body-composition studies), ac-
tively participated in the data analysis, and reviewed the manuscript. No
conflicts of interest were declared.

REFERENCES

1. Baumgartner RN, Chumlea WC, Roche AF. Bioelectric impedance
phase angle and body composition. Am J Clin Nutr 1988;48:16-23.

2. Wang ZM, Deurenberg P, Guo SS, et al. Six-compartment body com-
position model: inter-method comparison of total body fat measurement.
Int J Obes Relat Metab Disord 1998;22:329-37.

3. Heymsfield SB, Matthews D. Body composition: research and clinical
advances—1993 A.S.P.E.N. Research Workshop. JPEN J Parenter En-
teral Nutr 1994;18:91-103.

4. Schwenk A, Beisenherz A, Romer K, Kremer G, Salzberger B, Elia M.

19.

20.

21.

22.

23.

24.

25.

26.

27.

Phase angle from bioelectrical impedance analysis remains an indepen-
dent predictive marker in HIV-infected patients in the era of highly
active antiretroviral treatment. Am J Clin Nutr 2000;72:496-501.

. Maggiore Q, Nigrelli S, Ciccarelli C, Grimaldi C, Rossi GA, Michelassi

C. Nutritional and prognostic correlates of biompedance indexes in
hemodialysis patients. Kidney Int 1996;50:2103-8.

. Nagano M, Suita S, Fukuoka TY. The validity of bioelectrical imped-

ance phase angle for nutritional assessment in children. J Pediatr Surg
2000;35:1035-9.

. Pupim LB, Kent P, Ikizler TA. Bioelectrical impedance analysis in

dialysis patients. Miner Electrolyte Metab 1999;25:400—6.

. Ott M, Fischer H, Polat H, et al. Bioelectrical impedance analysis as a

predictor of survival in patients with human immunodeficiency virus
infection. J Acquir Immune Defic Syndr Hum Retrovirol 1995;9:20-5.

. Toso S, Piccoli A, Gusella M, et al. Altered tissue electric properties in

lung cancer patients as detected by bioelectric impedance vector analy-
sis. Nutrition 2000;16:120—4.

. GIBI Brazilian Group for Bioimpedance Study. Total body bioelectrical

impedance measurement as a progressive outcome prediction and ther-
apeutic index in the comparison between septic and non septic patients.
A multicenter Brazilian study. R Metab Nutr 1995;2:159-70.

. Mattar JA. Application of total body bioimpedance to the critically ill

patient. Brazilian Group for Bioimpedance Study. New Horiz 1996;4:
493-503.

. Bioelectrical impedance analysis in body composition measurement:

National Institutes of Health Technology Assessment Conference State-
ment. Am J Clin Nutr 1996;64(suppl):524S-32S.

. StataCorp. Stata Statistical Software: release 6.0. College Station, TX:

Stata Corporation, 1999.

. Flegal KM, Troiano RP. Changes in the distribution of body mass index

of adults and children in the US population. Int J Obes Relat Metab
Disord 2000;24:807-18.

. Schwenk A, Ward LC, Elia M, Scott GM. Bioelectrical impedance

analysis predicts outcome in patients with suspected bacteremia. Infec-
tion 1998;26:277-82.

. Selberg O, Selberg D. Norms and correlates of bioimpedance phase

angle in healthy human subjects, hospitalized patients, and patients with
liver cirrhosis. Eur J Appl Physiol 2002;86:509-16.

. Chertow GM, Johansen KL, Lew N, Lazarus JM, Lowrie EG. Vintage,

nutritional status, and survival in hemodialysis patients. Kidney Int
2000;57:1176-81.

. Johansen KL, Kaysen GA, Young BS, Hung AM, Silva MD, Chertow

GM. Longitudinal study of nutritional, body composition, and physical
function in hemodialysis patients. Am J Clin Nutr 2003;77:842—6.
Mushnick R, Fein PA, Mittman N, Goel N, Chattopadhyay J, Avram
MM. Relationship of bioelectrical impedance parameters to nutrition
and survival in peritoneal dialysis patients. Kidney Int 2003;64:553—-6.
Van Lettow M, Kumwenda JJ, Harries AD, et al. Malnutrition and the
severity of lung disease in adults with pulmonary tuberculosis in Malawi.
Int J Tuberc Lung Dis 2004;8:211-7.

Toso S, Piccoli A, Gusella M, et al. Bioimpedance vector pattern in
cancer patients without versus locally advanced or disseminated disease.
Nutrition 2003;19:510-4.

Dittmar M. Reliability and variability of bioimpedance measures in
normal adults: effects of age, gender, and body mass. Am J Phys An-
thropol 2003;122:361-70.

Kyle UG, Genton L, Slosman DO, Pichard C. Fat-free and fat mass
percentiles in 5225 healthy subjects aged 15 to 98 years. Nutrition 2001;
17:534-41.

Wu TJ. Relationships between age, sex, anthropometry and bioelectrical
impedance. J Formos Med Assoc 1992;91:1143-7.

Chertow GM, Lazarus JM, Lew NL, Ma L, Lowrie EG. Bioimpedance
norms for the hemodialysis population. Kidney Int 1997;52:1617-21.
Buffa R, Floris G, Marini E. Migration of the bioelectrical impedance
vector in healthy elderly subjects. Nutrition 2003;19:917-21.

Kyle UG, Genton L, Karsegard VL, Raguso CA, Dupertuis YM, Pichard
C. Percentiles (10,25, 75 and 90th) for phase angle (PhA), determined by
bioelectrical impedance (BIA), in 2740 healthy adults aged 2075 yr.
Clin Nutr 2004;23:758(abstr).

6102 1890100 20 U0 1s9nB Aq /4Z7£98Y/6+/1/Z8NveNsqe-0]o1e/udle/Wod dno olWspeoe)/:sdjy WoJj paPEojUMOQ





