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THE PRECISION BODY COMPOSITION ANALYZER

What Is
Body Composition Analysis

BiosrPacE






I NTRCDUCT! ON

Thisisto be used for the trainers of gyms and medicd practitioners of hospitals and clinics to understand the technical terms rel ated to Biospace
products and technologies. Glossaries that have the definition you need and basic concepts of Body Composition Analysis for employing the
strategy key concepts of Biospace's Commitment to Quality Glossary Body Composition to approach the best understanding.
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ABOJT THE TEAHNAL.GGY G- BIA ..

- What isthe principle of BIA?

- What arethe advantages and the drawbacks of BIA?

- How does InBody 720 measure your body fat?

- What does ‘empirical estimation’ mean?

- What arethe problemswith empirical estimation?

- Why do other analyzersuse empirical estimation?

- Doyou have any comparing examplesusng empirical etimation?
- How can you measure ECW and |CW separ ately?

- What does the segmental measurement mean?
- Are there any differences in the segmental measurement among

analyzers?

- lsn’ t the current used harmful to the body?

- Are there any published papers on the measuring principle of

InBody and itsvalidity?
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Wiat is the principle of BA?

Biodectrica Impedance Analysis is a method of quantifying body composition by introducing
an dectrical current throughout the body. Impedance can be calculated by measuring current and

voltage, based on Ohm's Law (R=V/1). Since water is considered as the only component in the A .
body with electrical conductivity, when the electrical current passes through the body, the
impedance of itswater can be measured. With thisimpedance vaue, the volume of body water is \4
caculated.

7 L
The volume V of the solution in atube can be measured by multiplying area A and the length L
of the tube. Since the height is already given, the area of the tube needs to be calculated to get the ¥

volume of the solution in the tube. \V

The impedance is proportional to the length or the height and inversely proportional to the area.
By applying the constant of the proportion (] (specific resigtivity), the impedance can then be
cdculated asfollows:

Using Formula @, aformulato caculate the area of the tube can be produced

When substituting Formula @ for Formula @, the volume of the solution can be caculated from
itsimpedance and the height of the tube as follows

Therefore, the volume of the solution in the tube can be calculated using the height of the tube
and its impedance. The value caculated from represents the impedance index. L can be
applied to the height of the examinee, and R to the measured impedance of the examinee. As
such, the volume of body water, which mainly composed of the salt solution, can be calculated
by measuring the impedance and the height of the examinee. From the volume of body water,
LBM and Fat Mass can be calculated.

www.biospace.co.kr



3 About the technology of BIA

Wiat are the advantages and the drawbacks of Bl A?

Over the past decade, a technique has been developed which analyzes body composition
based on the electrical properties of biological tissues. Biodectrical Impedance Analysis (BIA)
has many advantages over other methods in that it is safe, rapid, easy to perform, and requires
minimal operator training. Thus, the technique has become widely used in hospitals, health and
fitness centersand in field studies.

Nevertheless, the clinical usefulness of conventional BIA to detect acute or chronic changesin
body composition has been limited due to localized fluid accumulation or loss, and inability to
accurately assess the distribution between ICW and ECW. Because of the limits, BIA has had
difficulties applying to patients, the elderly, children, and athletes. However, they are the very
people who really need to analyze their body composition.

BIOSPACE has overcome the limited capacity of BIA and proved the technology
through several clinical studies and resear ch papers. Because the body is not an isotropic
conductor with a uniform cross-sectional area, we assume the body as five cylindrica rods;
four limbs and one trunk. We measure the amount of body water segmentally. Also, we use
multi-frequency so that we can measure ICW and ECW separately. Thus, we do not have to
use empirical estimation to compensate inaccuracy, which makes the measurement insensitive
to slight compositional changes.

How does | nBody720 neasure your body fat?

Body Composition Analyzer InBody720 of Biospace uses BIA (Bioelectrical Impedance
Analysis). Impedance is an opposing force against the flow of electric current. Body fat,
compared to body water such as blood, has much weaker conductivity and on that account, has
relatively high impedance. Therefore, between two people with the same weight, a person with
the grester portion of body fat will show higher impedance. In particular, InBody720, using the
segmental BIA method, can measure impedance of each limb and the trunk separately.

Then, howis it possible to neasure body fat in your body?

All the Body Composition Analyzers using BIA including InBody720 measure the volume of
the total body water. As it is inversely proportiona to impedance, it is feasible to get the
volume of the total body water from obtained impedance. Moreover, FFM (Fat Free Mass) in a
healthy body always consists of 73.3% water, which is constant for any race or gender.
Therefore, with the volume of the total body water known, the amount of FFM can be
calculated and by subtracting the calculated amount of FFM from weight, we get the amount
of body fat aswell.
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As it can be assumed from the above, InBody720 is very sensitive to detect even a dlight
change in the total body water. Therefore, for the accurate anaysis, the total body water has to
be stabilized when measured.

Wiat does ‘enpirical estination’ mean?

Empirical estimation refers to the application of the variables estimated from the personal
information input, such as gender, age and body type as in athletes or average people. For
example, when body composition analysis of a female examinee is conducted, her Body Fat
Mass can be estimated based on the empirical fact that women usually have more Body Fat
Mass than men. Her Body Fat Mass has to be higher than that of a male examinee with the
same weight. Thus, an empirical estimation, in order to revise inaccurate estimations, refers to
those variables that may affect the results of abody composition analysis.

Wiat are the problens wth enpirical estination?

Analytic error For example, those analyses overestimate the percentage of body fat in
physically trained women and underestimate it in small-framed men with high-level of body
fat. If statistical analysis governs the outputs but the subject does not belong to an average
group, then empirical estimation produces errors.

Insensitive to compositional changes When doctors treat obese patients, they perform body
composition analysis repeatedly to monitor the effect of treatment. In this case, a machine
using empirical estimations can not reflect the exact compositional changes of the patients.

Inadequate for a research apparatus With an analyzer which is aready programmed to
consider the differences of gender and age, if a comparison study is to do on percent body fat
between male and female individuals in their 507s, the results would be already set data rather
than actual measurement displaying differences. Therefore, such machine with empirical
estimation is not adequate for differentiating body composition between groups.

www.biospace.co.kr



5 About the technology of BIA

Wiy do other anal yzers use enpirical estination?

Conventional body composition analyzers need empirical data to overcome the poor accuracy
and reproducibility. This might help the measurement to compensate the inaccuracy in case of
an average person, but rather it brings about insensitive measuring so that there is a difficulty
in detecting changes of body composition. Concerning clinical use of the body composition
analyzer, sensitivity is one of the most important issues. However, with a conventional
impedance body fat analyzer, patient’ s input data such as gender and age affect the outputs
directly. In other words, changing these input data produces different results with the same
person. In this case, the data is obtained not by actual measurement but by estimation. Thus,
empirical estimation will produce errorsin any body shape altered from standard one. Because
of this, conventional body composition analyzers have considerable error rates in those
individuals with extreme obesity or illness, children and elderly people.

Do you have any conparing exanpl es using enpirical estination?

With the conventional body fat analyzers, body fat isincreased by 7% by changing the gender
input from male to female. This indicates that a significant portion of the output value was
determined partly by input data besides the measurement values.

13 2r\d
Body Composition Body Composition
Analyzer Analyzer
BO| dard B dard
SEX mae SEX femal
AGE 26 AGE 26
HEIGHT 170cm HEIGHT 170cm
WEIGHT 68.0kg WEIGHT 68.0kg
.5 3.5
FAT% 24.6% FAT% 31.1%
FATMASS 16.7kg FAT MA i 21.1kg
FFM 51.3kg FFM 46.9kg
<Conpari son between two neasurenent s>
1¢ 2 Change
Weight(kg) 68.0 68.0 00
Fat percent(%o) 24.6 311 +65

The same test with InBody showed the constant results in fat mass and lean body mass. This
indicates that InBody does not use such empirical estimation.
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1¢ 2nd

I 2 B I \/ 720 Body Composition Analysis I a R d\s 720 z0y composition anaiysis

AGE _HEIGHT GENDER DATE | TIME

BIOSPACE 1D. AGE TIME |
PHILIP. K. 26years 170k M_2 PHILIP.K 6years 170cm- 04.07.01/09:23:50(125) | BIOSPACE
Body Composition Analysis Visceral Fat Area Body Composition Analysis i s
“Compartments _ Values _|Total v A o el Visceral Fat Area
LEM. ] 213 7 oW, Wl 2 v2-m4
= 388
= w0 LN @ s 117~ 144

105 Protein (s 105 680 83~10.1
+86. :
351 [osseous: 201 869 Mineral (s 353 [osseous 289 286 ~3.50 4762
BodyFathlassbal] 152 BodyFatllass ba] 152 121~ 194

Muscle - Fat Analysis

Muscle - Fat Analysis

Weight (|
LhN W

Body Fat Ha55 ()| jmm s

121104
Obesity Diagnosis s o Junger

BMI o 185 - 250 185~250  Obesity Diagnosis
PBF 0, 100 - 200 80-20

whs 080 -090 075~ 085

Lean Balance Lean Balance

Right Arm 19

Right Arm g o

;) 3 out{ foss
Lotam () 03270371 oo Loy LekAm 032610372 ool [
0sstos osstos
Trunk 0325 0372 03 ef0a run = 2610372 03 fact038
ta) 031 036 3 L] 0326 0372 031 036
) L) 028 033 Health Diags L. 028 03
RightLeg () 0327 10373 ozl Lo sy Right Leg (i) 03271031 ozl fom
Left 0329 1 0375 ? [t o 2 6 .
I 0.326 0373 Lefleg tul 030 036 7 loans
Weight Control ‘Weight Control
Body Composition History Additional Data  (Nomal Range ) Target Weight 636 kg Body Composition History Target Weight 680 kg
DATE /TIME Weight SMM Fal_ Score ECFITBE  Ohesiy Degre = 106 % 90~ 110 Weight Control 14 1 DATE /TIVE Weight SMM _Fat_ Score ECFITBE Weight Control 00 ig
OWTOLSZ5 680 207 152 73 0326 B CM=348kg |317-388 Fat Control 57 kg 07010923 680 29.7 152 84 0.321 Fat Control
BMC=291ky |272-333 Musclo Control 13 kg
B M R=1509 keal | 1395 - 1623 Finesssoore | 73 Foms
Anthropometry Impedance Anthropometry
CHEST = 95.0cm R NECK = 36.2cm
Hip= A8l m
Ac. 4G m
n  THIGH.=51.6cm

THIGH. =51 5em

<Conpari son between two neasurenent >
1= 2 Change
Weight(kg) 68.0 68.0 0.0
Skeletd Muscle Mass(kg) 29.7 29.7 0.0
Body Fat mass(kg) 152 152 0.0
Pecent Body Fat(%) 24 24 0.0

Because accuracy and precision of InBody have been improved by Biospace’s own
technologies, we don’t have to use empirical estimation to compensate for incorrect data.
The data from InBody are not affected by gender, age, and race, and it can measure
people with extreme obesity or illness, children, and elderly people correctly.

How can you nmeasure ECWNand | QN separ at el y?
Wiy is the mul tifrequency so inportant?

The problem of the conventional BIA with a single low frequency is that it has to estimate
the amount of intracellular water from extracellular because low frequency cannot pass

through plasma membrane and into intracellular water. The bilayered cellular membrane .

divides the body cell into intracellular and extracellular water. The intra and extracellular y

waters are proportionate to one another in a healthy body; however, an imbalanced body fluid

distribution occurs in those who are elderly and suffer from obesity, or geriatric diseases, and

they are the very people who need to analyze their body composition. Extracellular water is @
q

measured by low frequency currents(lower than 50kHz), and intracellular water is measured ;
by high frequency currents(higher than 200kHz). InBody720 sends the electric current at \
ICW(Intracellular Water) Cell Membrane

the frequencies of 5, 50, 250, 500 and 1000kHz to detect even the smallest change in body
fluid, providing useful information on edema, malnutrition and geriatric diseases.

ECW(Extracellular Water)

www.biospace.co.kr



7 About the technology of BIA

What does the segnental neasurenent nean?

RA LA The segmental measurement is the technology that assumes the body as five cylinders -four

limbs and one trunk - and measures impedance of these parts separately. Segmental body
composition analysis provides segmental measurement of body water and fat free mass.

Furthermore, the analysis is highly accurate because the measured value of a certain part does
not affect the measurements of other segments. It is because the conventional body
composition analyzers lack accuracy in measuring body fat and cannot figure out the patient’s
RL LL exact body shape. It needs empirical references to correct inaccurate measured values. For the
purpose of clinical research, InBody720, with the technology of segmental analyss, can
detect differences by gender, aging, disease and ethnic without any empirical estimation
and examine a patient’s segmental development.

Are there any differences in the segnental neasurenent anong anal yzers?

Even if body composition analyzers can measure our body segmentally, the same
measurement accuracy cannot be recorded in all analyzers. Human subjects can be considered
to be made up of five tubes: two legs, two arms, and one trunk. There are many factors that can
affect impedance in a human subject. While the trunk makes up the biggest part of body, its
impedance index is the lowest, at about 20 2, due to the fact that it has the largest width of all
the body parts. In the case of arms, which usually has an impedance of about 300 £, 2-3£2 can
be considered a small error. However, in the case of the trunk, the same 2-3 2 can be
considered as a significant error capable of affecting the results of the test on the trunk.
Therefore, to assure the accuracy of the impedance on the trunk, it is necessary to develop
precise measurement technologies. As such, the accurate measurement of the trunk provided
by InBody 720 can contribute to heighten the accuracy of the body composition analysis.

(D= current
(V) = va tage

\')

Trunk
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Isn’t the current used harnful to the body?

No, it is harmless to the body. InBody uses a small alternating current to measure the
impedance. It isinvasive and in 1996 by American Journa of Clinical Nutrition, it was proven
to be safe when applied to the human body. Having passed IEC 601-1 of the International
Safety Standard after safety and validity tests, InBody is a safe apparatus to use. While CT and
DEXA cannot be applied to pregnant women because they irradiate, BIA apparatus is safe
enough to be used to diagnose pregnant women.

Ref.
B oe ectrica inpedance andysis during pregnancy and neonatal birth weight. Gezzi F et a. Er J
(ostet Gnecol Reprod B ol 2001 ;98(2) :171-6

Mil tifrequency bioel ectrical inpedance analysis in wonen wth a nornmal and hypertensive

pregnancy, Herbert Valensise et a. AnJ Gin Nitr 2000 ; 72(3) : 780- 783

Potential use of bioelectrica inpedance analysis in the assessnent of edena in pregnancy., Mrita
Het d. Gin Ep Owstet Grecd 1999 ;26(3-4) :151-4
Assessnent of body conposition in pregnant wonen at term Mrais AA et a., Rev Assoc Med

Bras1997 ;43(2) :109-13

Assessnent of degree of edema by neans of bioel ectrical inpedance during pregnancy, Aisana M
Fukuba K Ski T, Mchinaru . N ppon Sanka FUji nka Gakkai Zasshi 1996 ;48(1) :25- 31

Boelectric profiles and nutritional status in pregnancy: protocol of a nulticentric project to

neasur e bi ol npedance in pregnancy. Mle MG Gastelli A, Mnerva Gnecol 1996 ;48(12) : 25- 33

H ui d changes during pregnancy: use of bioi npedance spectroscopy. Van Loan MD Kopp LE King JG
Véng WY Mayclin L. J Appl Physiol 1995 Mr ; 78(3):1037- 42

Total body water in pregnancy: assessnent by using bioel ectrical inpedance HC Lukaski, WA 9 ders,
Bl Ndsenand BHAI, AnJ Gin Nitr 1994 ; 59 :578- 585

Bfect of fat and fat-free nass deposition during pregnancy on birthweight. Mllar J et d. AnJ Qustet
Gynecol 1992 ;167(5):1344- 52

Are there any publ i shed papers on the neasuring principle of |nBody
aditsvaidty?

Please refer to “Research Thesis based on InBody” as we have at Biospace. It is acollection of
abstracts of crucial papersin which studies have been done within and outside the company on
InBody, its measuring principle and its validity.

www.biospace.co.kr
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- What isbody composition analysis?

- Why isbody composition analysisimportant?




About body composition analysis

Wiat i s body conposition anal ysis?

The human body is composed of four constituents - total body water, protein, mineral and fat.
The ratio among these four in abody is closely associated with health, which differsin gender,
age, and individual properties.

Body composition analysis is to diagnose body components quantitatively so that it can
provide basic information on the correct body condition. Body composition analysis is very
important in preventive medicine since it provides the basis of appropriate physical activity
and dietary formulas for improving persona daily routine. It can be also usefully applied to
follow-up studies of patients treated for various diseases.

Wiy is body conposition anal ysis inportant?

It isthe fat free mass that determines the body shape. Being at a certain weight does not
necessarily mean being fit and in shape. What guarantees the beautiful body is the
balanced ratio of fat free massto fat mass.

When you are under weight-control, along with the weight, the amount of each component
and its proportion in your body change. As muscle is heavier than the same volume of fat, a
person with more muscle looks dimmer. Although it could be very important, weight alone is
not a clear indicator of good health because it does not distinguish how many pounds are from
fat and how many pounds are from fat free mass. Therefore, it isyour body composition that is
important, not your weight, and the well-balanced ratio of its components is a critical health
indicator.

A healthy person maintains a balanced body composition. However, if this balance gets
disturbed, the following can occur; obesity, malnutrition, edema and osteoporosis. The purpose
of body composition analysisisto evaluate the body function and improve health. Therefore, it
isto pursue persona health and fitness by understanding the fundamental body condition such
as muscle development, nutrition and possible obesity through regular body composition
check-ups.

Body Fat

(esity

M ner al

Gt eopor osi s

Rotein

Ml nutrition

QY EOV

Edema
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- What isbody composition?

- What isfat free mass?

- What isbody water ?

- How much body fat isrecommended for a healthy person?
- Why % Body fat ismoreimportant than BMI?

- What ishappening to your body when you areon adiet?
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Wiat i s body conposition?

Most body composition analyses divide body compostion into two components : body fat and fat
free mass. InBody720 divides body composition into 4-components comprising total body
water(intracellular water and extracellular water), protein, mineral and body fat.

Wiat is fat free nass?

Fat free mass includes everything in your body except fat- muscle, bones, organs and fluids, etc.
By exercising regularly and eating a healthy, balanced diet, it is possible to achieve and
maintain adesirable ratio of fat to fat-free.

Fat free mass is composed of water, protein and mineral of your body. Protein is the main
component of muscle and the amount of protein in your body determines your basal metabolic
rate (BMR). Therefore, developing muscles is to make your body the more efficient energy-
consuming machine. By increasing muscle mass, you get higher your basal metabolic rate
(BMR). Moreover, minerd is the main component of bones supporting the structure of your
body, and since it is closely associated with the amount of personal physical activity, more
muscle content means more bone mass.

Since young women with low muscle content are at increased risk for osteoporosis after
menopause, they need to exercise regularly to increase their muscles for prevention.

In muscle cells are mitochondria, one of small cellular organelles known as the powerhouses of
your body. When you devel op muscles, the number of mitochondria increases consuming more
fat, the main energy fuel. Diet without any physical activity will cause the loss of muscle
content as weight decreases. Thisis not good for hedlth at all and is merely the temporal weight
loss. Therefore, in conducting a weight loss program, it is very important to observe the ratio
between fat and muscle(fat free mass).

Weight changes by dietary treatment mean changesin the amounts of both fat and fat free mass,
and physical activity helpsto maintain and increase fat free mass. Generally as you grow older,
the size and strength of muscle decrease and the metabolic rate gets lowered. It resultsin having
more excessive fat eventually than before although you uptake the same amount of calories.
Therefore, at senescence with regular check-ups for body composition, much effort is required
to maintain fat free mass.

Fat cells, on the other hand, do not have any such amazing abilities like muscle tissue. In fact,
body fat above the level of essential fat is considered storage fat and is actualy a source of fuel
that can feed the mitochondria and help keep your body running. A certain amount of storage
fat is aso important for cushioning and protecting the bones, muscles and organs, and for
temperature regulation. However, high levels of body fat can adversely affect temperature
regulation, aswell as overtax the bodys organs and systems over time. ww bicepececol
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Wiat is body water?

L ooking at your constituents alone, humans are not much morethan an organized bag of
P seawater -between 50% and 70% of your body weight is made up of water.

o
- N e - c "ﬁ Body water is such a vital component that its balance is the basic indicator of health and
T fitness. Fat Free Mass, made up of about 73% water, contains most body water. Thus, the more
body fat indicates the less body water. As fat content increases, the percentage of lean tissue
decreases causing total body water to drift down to 50%.

Functions of body water

Because of its unique chemical and physical characteristics, water plays severa key rolesin
your life processes. Water, being a liquid portion of blood, participates in ailmost al of the
metabolism of your body. Water in blood serves as an important vehicle for metabolic
procedures - transporting oxygen and nutrients to cells and removing metabolic wastes. For
instance, various substances such as nutrients, hormones and antibodies are carried by water
from plasma to intertitial fluid. Likewise, wastes are taken out of the cells. Without such an
effective transportation system, cells cannot be fed on nor survive. Therefore, water as
transportation for substances in the body is very essential in life.

Body water also serves as an important regulator of body temperature. In away, cellsin
your body are similar to an engine in a motor vehicle. As fuel from the engine burns, lots of
heat is released, and to avoid overheating, a cooling device caled radiator is required. Your
body needs the same system to release the heat from cells out of it; otherwise proteins will
become denatured. However, several thousands of cell layers constitute your body thus,
remarkably slowing down the process of releasing heat directly out of your body. Therefore,
interstitial fluid and plasma act as a cooling device of your body just like those in motor
vehicles. Heat inside your body is absorbed by plasma first, and circulates through blood
vessels. It is then delivered to your skin and finally exits the body. However, the cooling
system of your body works effectively when there are adequate amounts of plasma and
inter stitial fluid.

With radiators running out of water, engines in motor vehicles get overheated. Likewise, the
cooling system of your body cannot function properly with insufficient body water. Therefore,
balanced body water is critical in temperature regulation and efficiency of the circulatory
system. When you exercise in hot weather, it isimpossible to release all the excessive heat out
of the body only with the cooling system. In this case, the secretion of sweat compensates the
first mechanism for temperature regulation and works as the second mechanism of body water.

The more active its metabolism, the more water in a cell. Thisis one of the very reasons
why muscle tissues contain much more water than adipose tissues. More water is required to
perform the chemical reactions associated to vigorous activities of muscle. If weight decreases
due to water loss, then muscle or water content of other cells will decrease as well. Water loss
will cause both extracellular fluid such as plasma and intracellular fluid to decrease. On a
cellular basis, the capability of energy production within a cell aso decreases. Therefore,
body water isessential in performing the proper functions of your body.
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How nuch body fat is recormended for a heal thy person?

Fat Q&ls

Body fat is an energy storehouse storing excessive energy after consuming what is required in
your body and when needed it is broken down to be used as the energy source. Moreover, as
phospholipid, cholesterol and essential fatty acids are important components in constructing
the cellular membrane, body fat is one of the crucia components of your body. .

The standard amount of body fat for menis 15 = 5% of their weight and for women 23 + 5%
of their weight.

Wiy %Body fat is nore inportant than BM? ; K,

BMI is asimpler form of body mass index calculated from body weight divided by the square TR ' 1Fat
of the height. As conventional obesity diagnosis standard, BMI method has been widely applied | ;.-

in the general medicine, dietary, and sports medicine fields. However, this method is flawed in Brye om &

that it cannot be applied to adults with high and low levels of fat free mass, children, those over } 1 ﬁ ""\H_

the age of 65, or pregnant female. So, BMI method detects obesity in appearance. Only % I...1 4
measurement of %body fat makes it possible to detect obesity with less developed muscle, WH’
geriatric obesity. |\ \ ‘ ' Fat
' .I :' Miscl e

If two men have same height and same body weight, BMI of each man are same. But, if % body Atype Brype
fat of each man are 8 % and 23%, the difference of % bodly fat between them resits in the vHve;i%hr:t ;;?;g gi;m
difference of body shape, and risks of chronic diseases will be not correspond with each other. So BMmI 269kgm? 257 kg/n

% Body fat  15% 24%

measuring % body fat isimportant than BMI method cal culated from height and weight smply.

What is happeni ng to your body when you are on a diet?

Thegeneral principle on the obesity treatment isasfollows,
Det and Véight Transition

First, increase or at least maintain fat free mass and lose fat mass.
Second, keep the reduced weight. Nﬁ‘gm
It has already scientifically proven that the amount of calorie-intake, exercise and the changes
of body composition are closely related, and for the successful diet it is very important to
understand the very principle of losing weight. The absolute principle of weight loss is to Nutrient Expenditure
consume more energy than to intake. wfmm
Changes in nutrients, used as the raw materials for energy consumption when dieting, and the

L Percent Body Fat

Fat

>

1 1 1 1 1 |
0 2 4 6 8 10 12 (weeks)

consequent changes of body composition are divided into 4 stages.

www.biospace.co.kr



gl ycogen

A carbohydrate made of multiple units of
glucose containing a highly branched
structure; sometimes known as animal
gtarch. It is the storage form of glucose and
is synthesized (and stored) in the liver and
muscles.

gl ucagons

A hormone made by the alpha cells of the
pancreas that stimulates the breakdown of
glycogen in the liver into glucose; this raises
the blood glucose level. It also performs
other functions.

gl uconeogenesi s

The production of new glucose molecules by
metabolic pathways in the cell. Amino acids
usually provide the carbons for these new
glucose molecules.

ket one

Incomplete breakdown products of fat
containing three or four carbons. These
contain a ketone chemical group, hence, the
name. An example is acetoacetic acid.

About body composition

The 1% Stage

Y our body uses glucose as the main energy source when moving. Glucose is the final product
hydrolyzed from carbohydrates. It circulates through blood, is controlled by insulin to be taken
up to tissues and used as energy. Glucose provides energy for each day and the surplus is
stored as glycogen in the liver and muscle. If there is not enough carbohydrates to consume
due to starvation or being under a low-carbohydrate diet, muscle uses up glucose from blood
first and then uses the stored glycogen as the main energy source by glycogenolysis. Since
carbohydrates contain the carbon, hydrogen and oxygen in the proportion to form water (2-4g
of water/glycogen), when it is consumed, water comes out. This is why the amount of urine
increases when you are on a diet. During the first stage of a diet, you can easily experience
rapid weight 1oss due to water loss. The common sense of weight loss is to lose body fat and
have the decreased body fat percentage, but as seen in the figure, body fat ratio increases.
Since the amount of body fat lost during this period cannot follow the weight loss, it resultsin
increased percent body fat against reduced weight.

The 2" Stage

After dl of the carbohydrates in your body have been consumed as energy for the first 2 days
at the first stage, your body can turn proteins and fats into glucose other than carbohydrates by
gluconeogenesis. In other words, if the great amount of proteins is used as energy source,
muscle tissues in your body will shrink and this may risk your health. Therefore, physical
activity should be carried out with a diet to minimize muscle loss. As proteins contain water,
similar to carbohydrates, the exhaust of water also increases during the second stage. Simply
by abstaining from eating, you can lose 1kg per day regardless of the amount of water
consumption because 0.2kg of body fat can release 1800kcal, adequate per day. Again, rapid
weight loss occurs due to water loss and once you have a regular meal, weight will return back
to normal very easily.

The3‘gage

This is the period when your body actually starts to use body fat as an energy source and
reduce protein consumption. Carbohydrates and proteins provide 4kcal/g. However, proteins
are not an efficient energy source because nitrogen has to be removed beforehand. Wheresas,
fats provide 9kcal/g making it more efficient by twofold. Therefore, weight decreases much
dowly compared to the earlier stages of a diet during which carbohydrates and proteins are
used as energy source. Moreover, since body fat contains little water, after degradation water is
hardly exhausted. Unlike other tissues, the brain uses only glucose as its energy source and
after a couple of days with an empty stomach, al glucose and stored glycogen will run out.
During this time, the brain uses ‘ketone body’ which reaches the maximum amount on the
tenth day of continuous starvation.
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The4" stage

When body fat is used as an energy source, both weight and percent body fat decrease and it is
the true diet. With water-only dietary for 10 days or more, the body reached this stage. If itisa
just low calorie digt, it takes 2~4 weeks. At the fourth stage, you lose 0.1~0.2 kg per day at the
most. Your body copes with the long-term starvation to adjust the basal metabolic rate and
burns only 0.1~0.2 kg of fat per day, which is equivalent to the amount for keeping
homeostasis.

www.biospace.co.kr



