Understanding Bioimpedance
(Adapted from Biodyncorp)

Phase Angle: is a measurement of your body's overall health. Phase angle is based on
total body resistance and reactance and is independent of height, weight and body fat.
Lower phase angles appear to be consistent with either cell death or a breakdown of the
cell membrane. Higher phase angles appear to be consistent large quantities of intact cell
membranes and body cell mass. All living substances have a phase angle. In fresh
uncooked vegetables phase angle can exceed 45 degrees. In cooked vegetables phase
angle is zero because they are dead.

Phase Angle is a predictor of outcome and indicates the course of disease or increases as
the result of optimal health based on good nutrition and consistent exercise. Usually, a
phase angle of 6 or greater is desired for men and 5 or greater is desired for women.

As we get older our phase angle will decrease and will be approximately 4 or less when
we die. Fit adolescents may have a phase angle greater than 10. This effect is a result of
cell integrity due to age. Low phase angles are consistent with:

Malnutrition HIV/AIDS infection
Cancer (most types)

Abusive life style

Chronic Alcoholism

Old Age (80 - 100 years)

Body Capacitance (C)
A high capacitance indicates large amounts of intact cellular membranes. A low
capacitance indicates lower amounts.

Capacitance is proportional to the size of the body cell mass compartment or number of
cells and to the integrity of cellular membranes. Increasing capacitance is always good
because it represents an increase in the number of cells, their quality, or both. However, if
capacitance is decreasing, it is important to remember that this may be due to a decrease
in body cell mass related to weight loss in an otherwise healthy patient.

Normal values are from 500 to 1000 pF. High capacitance (C) causes high reactance (X).

Resistance (R)

A low resistance is consistent with large amounts of fat-free mass. A high resistance is
consistent with low amounts of fat-free mass. Low resistance, indicating high
conductivity, is due to large amounts of water in the body. Since water is contained solely
within fat-free mass, resistance in the body is proportional to the amount of fat-free mass.

Reactance (X)
Reactance is caused by the capacitance or the energy storage characteristic of the body due to intact
(healthy) cell membranes.

Body Cell Mass (BCM)

Body cell mass contains the metabolically active (living cells) components of the body, including
muscle cells, organ cells, blood cells and immune cells. BCM also including the "living" portion of
fat cells but not the stored fat lipids and also includes the water inside living cells called intracellular
water. The main electrolyte of intracellular water is potassium.



Extracellular Mass (ECM)
Extracellular mass contains the metabolically inactive parts of the body components including bone,
minerals, and blood plasma. ECM also includes water contained outside living cells.

Fat-Free Mass (FFM)

Also called lean body mass, fat-free mass is the total amount of nonfat (lean) parts of the body. Fat-
free mass contains virtually all the body's water, all the metabolically active tissues, and is the source
of all metabolic caloric expenditure.

Fat Mass (FM)
Fat mass is all the extractable lipids from adipose and other tissues in the body.

ECM/BCM

The ratio of extracellular mass to body cell mass. A low value is desirable and indicates a high ratio
of body cell (living) mass to extracellular (non-living) mass. Normal values are typically near 1.0,
indicating a 50/50 distribution of body cell mass and extracellular mass.

Body Mass Index (BMI)
A commonly used index of body composition equal to the ratio of the body's weight in kilograms to
the square of height in meters.

Basal Metabolic Rate (BMR)
Basal metabolic rate is the number of calories consumed at a normal resting state over a 24-hour
period. BMR is based solely an individual's fat-free mass.

Intracellular Water (ICW)
Intracellular water is the water volume of the body cell mass.

Extracellular Water (ECW)
Extracellular water is the water volume outside of the body cell mass.

Total Body Water (TBW)
Total body water is the sum of ICW and ECW. It is the amount of water contained in the body.



Normal Values for Men

Age (y) 15-24 | 25.34 | 35-44 | 4554 | 55-64 | 65-74 | 75-84 | >85

Number 424 656 694 449 227 162 91 32
Anthropometric (1)

Heicht 699 | 700 | 696 | 685 | 682 | 676 | 672 | 652

Height (in) +26 | +26 | £26 | £25 | £26 | +25 | +29 | +27

Weight (Ib) 1546 | 1638 | 1663 | 1632 | 1658 | 167.4 | 160.1 | 157.9

vveight +183 | +198 | +212 | +203 | +216 | +238 | +19.2 | +19.6
Impedance (1)

Phase Ange () 73 75 7.2 7.2 6.6 6.1 53 46

Fhase Angle +08 | +08 | +09 | +09 | 09 | 09 | 09 | =08

Body Capacitance (pF) | 830 860 840 838 780 720 610 520

Resict ] 484 474 470 469 468 466 482 486

Resistance (ohms) +52 | +46 | +50 | +43 | x45 | +49 | x50 | 59

React ) 619 | 621 | 594 | 588 | 543 | 499 | 451 | 391

Reactance (ohms) +92 | +84 | +87 | +84 | +81 | +88 | +86 | +82
Mass Distribution (2)

Body Cell Mass

—k% a0 454 | 435 | 411 | 396 | 368 | 341 | 315 | 275

Extracellular Mass

% i) 430 | 413 | 413 | 407 | 410 | 413 | 422 | 411

Fat-Free Mass

o 884 | 848 | 824 | 803 | 778 | 754 | 737 | 686

Fat Mass

owt) 116 | 152 | 176 | 197 | 222 | 246 | 263 | 314

ECM/BCM Ratio 095 | 095 | 1200 | 1203 | 111 | 121 | 134 | 149

\ 222 | 235 | 241 | 244 | 250 | 257 | 249 | 262

BMI (kg/m’) +21 | +23 | +27 | +26 | +28 | +36 | 27 | +36

Basal Metabolic Rate | 1934 | 1966 | 1938 | 1853 | 1825 | 1785 | 1669 | 1532
Water Compartments (2)

Intracellular Yater 610 | 606 | 591 | 584 | 560 | 538 | 511 | 485

(% thw)

Extracellular Water 300 | 394 | 409 | 416 | 440 | 462 | 489 | 515

(% thw)

Total Body Water 724 | 724 | 725 | 722 | 720 | 719 | 716 | 725

(% ffm)

Total Body Water 640 | 614 | 597 | 580 | 560 | 542 | 528 | 497

(% wi)
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Normal VValues for Women

Age () 15-24 | 25-34 | 35-44 | 45-54 | 5564 | 65-74 | 75-84 | >85

Number 488 561 500 378 168 183 160 52
Anthropometric (1)

Heicht 656 | 652 | 645 | 642 | 634 | 627 | 620 | 603

Height (in) +24 | 24 | £24 | £23 | £24 | +24 | +24 | +28

Weight (Ib) 1286 | 1294 | 1204 | 1334 | 1385 | 1446 | 1380 | 1303

vveight +163 | 168 | +174 | £205 | +212 | +245 | +218 | +24
Impedance (1)

Phase Angle () 6.6 6.6 6.7 6.5 6.0 5.4 48 45

Fhase Angle +08 | +09 | +08 | 09 | +08 | 209 | 09 | +12

Body Capacitance (pF) | 600 620 640 640 580 540 470 440

Resistance (ohms) 601 582 572 557 563 555 569 570

nesislance +60 | +60 | +56 | +58 | +62 | +64 | +67 | +82

React i 693 | 668 | 66.8 | 633 | 587 | 526 | 477 | 447

Reactance (ohms) +101 | 103 | +99 | +99 | +100 | £103 | +103 | 106
Mass Distribution (2)

Body Cell Mass

—3;(% D) 381 | 371 | 363 | 345 | 315 | 277 | 257 | 240

Extracellular Mass

o wh) 403 | 404 | 398 | 397 | 394 | 380 | 385 | 384

Fat-Free Mass

o 784 | 775 | 761 | 742 | 709 | 657 | 642 | 624

Fat Mass

w) 216 | 225 | 239 | 258 | 201 | 343 | 358 | 376

ECM/BCM Ratio 106 | 109 | 110 | 115 | 125 | 137 | 150 | 160

) 210 | 214 | 219 | 227 | 243 | 259 | 253 | 252

BMI (kg/m’) +23 | +25 | +27 | +31 | +35 | +40 | +40 | 48

Basal Metabolic Rate | 1426 | 1420 | 1395 | 1401 | 1388 | 1345 | 1254 | 1151
Water Compartments (2)

Intracellular Water 556 | 547 | 544 | 530 | 502 | 472 | 450 | 436

(% thw)

Extracellular Water 404 | 453 | 456 | 470 | 208 | 528 | 550 | 564

(% thw)

Total Body Water 724 | 725 | 725 | 722 | 715 | 733 | 739 | 751

(% ffm)

Total Body Water 568 | 562 | 552 | 536 | 507 | 482 | 474 | 469

(% wi)
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