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Dvoukompartmentovy model FM, FFM

Ctyfkompartmentovy model  FM, TBW, proteiny (hmota
tkani), mineralni latky




Tuk 83-87 %
Voda 10-15 %

Proteiny 2-3 %




Sacharidy Bilkoviny Tuky

. Jaterni glykogen Veskere bilkoviny Tukova tkan
Sitlbeieey (2) (cca100 g) organismu (17 % TH) (85 % tuku)
Substraty (g) Svalovy glykogen Plazmatické bilkoviny intramuskularni tuk
(cca 9-13 g/kg svalu) (cca70g)
( z Ccas500g Cca13-14 kg Cca 10,2 kg Cistého tuku
Selbsons iy () 8500 kJ Cca 221000 kJ 387 000 kJ
Zisk energie pri oxidaci 511K 18.8kJ 19,6 kJ
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Android and Gynoid Body Fat Distribution

(a) Android (b) Gynoid

("apple-shaped”) ("pear-shaped”)
fat patterning fat patterning




RIZIKO METABOLICKEHO SYNDROMU DLE OBVODU PASU

Zvysené riziko Vysoké riziko
nad 80 cm nad 88 cm

Muzi nad 94 cm nad 102 cm
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Energy Surplus

Safe Obesity Dangerous Obesity

Fat Cell Hyperplasia ".“ Fat Cell Hypertrophy
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Ranges for determining
public health and clinical
action based on BMI

{ WHO classiication }

Moderate to high risk

Low to moderate nsk
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Essential fat 2-5 % 10-13 %

Athletes 6-13 % 14-20 7%
Fitness 14-17 % 21-24 %
Average 18-24 7% 25-317%

Obese 25 % + 327% +




PHYSICAL STATUS:

THE USE AND INTERPRETATION OF
ANTHROPOMETRY

World Health Organization
Geneva 1995




5-10 % 8-15 % Athletic

11-14 % 16-23 % Good
15-20 % 24-30 % Acceptable
21-24 % 31-36 % Overweight

>24 % >36 % Obese




Women
BMI <18,5
BMI 225
BMI 230
Men
BMI <18,5
BMI 225
BMI 230

21%
337%
39 %

8%
20 7%
25 %

1%
22 %
28 %

24 7%
36 %
42 %

13 %
25 %
30 %



Body fat percentage >25 % >35 %

I T

Normal range 10-20 7% 18-28 %




BMI 230
BF % >25/>35

Specifita

Senzitivita

24,7 %
52,3 %

19,1 %
43,9 %
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Body mass index

M= 7021 Adjusted rho (p)=0L74, p < 0.0001



Specifita 95 % 99 %
Senzitivita 36% 49 %







Table 3 - Differences in metabolic characteristics and body composition in the at risk obese, obese and the metabolically

normal individuals.
Metabolically “At Risk” Metabolically Metabolically Obese
Characteristic Healthy Obese Healthy Obese Normal Weight
Visceral Fat 1 1 1 T
BMI ! 1 T !
Fat Mass | | 1 t
Lean Body Mass 1 - - 1
Insulin Sensitivity 1 | 1 l
Hepatic Fat 1 - - 1
Triglycerides | 1 | 1
HDL - 1 1 -
i = High; | = Low.

Metabolically Healthy: ideal metabolic profile and normal weight.

“At nsk” Obese: increased body fat + abnormal metabolic profile.

Metabolically Healthy Obese: Increased fat mass + normal metabolic profile + high levels of insulin sensitivity.

Metabolically Obese Normal Weight: normal weight obese individual may or may not have metabolic syndrome and that body fat mas
percentage is required to define the term.




FREE Full-Text Article

FMCID: FMC4555441

Lancet. 2016 Aug 20; 388{10046); TT6-TS5.
PMID: 27423262

doi: 10 1018/50 1406736 16301751

Body-mass index and all-cause mortality: individual-participant-data meta-
analysis of 239 prospective studies in four continents




154- 185- 200- 05 50 75 00- 350- 404-
ABSkgim  Q00kgi  2Skgm'  2SOkgm'  7Skg' <Q00kgt  QSOkgm'  <0dkgi  <600kg/
Particpants/deaths  114091/12726 712074920989 838907772701 107580498873 §21303/84952  428800/45341 3084017318 808279179 30044/2840

HR (95% C1) 151 113 100 100 107 120 144 194 276
(143159)  (109-117) (098-102)  (093-10) (1:07-1-08) (118-1-22) (1-41-1-48) (147-201)  (2-60-2492)

189 studies; 3951455 participants; 385 870 deaths. The primary prespecified analysis in neves-smokess without known chionic disease at haseline, excluding the first S yeass of follows-up fwith nomal weight
and overweight categories further subdivided into: 18.5-<20.0 kafm', 200-<22.5 kafm', 22-5-<250 kf, 25:0-<275 ke, and 27-5-<30:0 key/in), Cls were calculated using floating variance estimates
(reflecting independent variability within each group, inchuding the reference group). Reference group i 22.5-<250 ky/m?. All analyses are adjusted for age and sex. Baseline BMI categories were defined by
WHO. BMI=body-mass index. HR=hazard ratio.




Baseline age 35-49 years Baseline age G065 years Baseline age FO-29 years
Studies Participants Deaths HR per§ kg/m® Studies Participants Deaths HR per5 kg/m® Studies Participants Deaths HR per§ kg/m®
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Total body mass (female) Total body mass (male)

Total body
fluid

Extracellular Q_,V) @

fluid

80%

1/3 Interstitial
Extracellular fluid
fluid (ECF)
I ol
(a) Distribution of body solids and fluids in an average lean, adult female and male (b) Exchange of water among

body fluid compartments

Figure 27.01 Tortora - PAP 12/
Copyright © John Wiley and Sons, Inc. All rights reserved.




Body Fluid Compartments of a 70-kg Adult Man

Total volume = 42 L
(~ 60% of body weight)

Intracellular Extracellular
fluid compartment fluid compartment
=28 L =14 L
Intravascular fluid Extravascular fluid
(Plasma) =11 L
=3 L |
Interstitial fluid Transcellular fluid

=105L =09L
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Voda 73 %

Proteiny 20 7%
Glykogen 1-2 7%
Intramuskularni tuk 0,01-1 %, zdroje se velmi ruzni
Anorganické a dalSi organické <5

latky







Jatra 200 kcal/kg/den 27 %

Ledviny 440 kcal/kg/den 10 % g
Srdce 440 kcal/kg/den 7 %
Mozek 240 kcal/kg/den 19 %

Tukova tkan 4,5 kcal/kg/den 6 7% 15 %

Kosterni svalstvo 13-14,5 kcal/kg/den 20-30 % 30-50 %




Bloodstream Bone
CNTF:  inhibits osteoblasts

Breast
|:> ) OSM:  inhibils mammary cancer cell growth
Pancreas
IL-6: increased GLP1 secreétion
SkElEtEl muscle IL-6: increased GLP1 secretion

SPARC: suppresses colon tumorigenesis

Myokines

[ees >

IL-B: increased lipolysis

FGF21: increased glucose uptake

Irisin:  increased thermogenic program, browning
BAIBA: Increased thermogenic program, browning
Metrnl:  increased thermogenic program, browning

I:> § IL-15:  increased thermogenesis and B-oxidation

IL-8: Angiogenesis (.H’:-'l i BONF: learning and memaory
VEGF: Angiogenesis Wi I:f;_:::;-__. 1 I.l-l Irisin:  increased hippocampal BDNF expression

MSTN: negative regulator of muscle mass

IL-&: increased glucose uptake and B-oxidation

IL-15: Hypeartrophy

BODNF: increased f-oxidation

Irisin:  increased energy expenditure and
oxidative metabolism







Gender
and Age

Weight,
kg

Height,

Cim

BMI,

kgim?

Total
SM,

Relative
SM, %
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Gender n Weight, | Height, | BMI, | Total Relative | Lower | Upper
and Age kg cm ILgJ'm2 SM, SM, % Body, Body,
Range, kg SM, kg SM, kg
yr
Women

18—29 A1) 65.0 £ 164 + 241+ 21.8 341+ 125+ 8.7 +




] uUpper Body
Il Lower Body

T
39.7%

LA

42.9%

(B)) ssep ajosnin




Muscle Mass (kg)

0

15 25 35 45 565 65 75 85

% Muscle Mass

55

15

2 Men
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Total Body Water| Soft Lean Mass | Fat Free Mass Normal Range

P e Bl 243 455 5331979
B 144 | 49.9 o 13.6 ~ 16.6
Protein (k)| 105 68.0 9.6 ~11.7
Mineral () 354 | osseous: 2.91 -m

Body Fat Mass (ka)|  15.2 7.6~ 15.3







Nazev metody Princip metody

Bioimpedancni metody (InBody,  Ruazny odpor tkani (FFM vs. FM) pro prochazejici

Bodystat, Tanita) el. proud
Dualni rentgenova Odlisna absorpce rentgenového zareni tkanémi
absorpciometrie (DXA) (FFM vs. FM vs. kostni hmota)
Podvodni vazeni Rlzna hustota tkani v organismu (FFM vs. FM)

a objem téla vysetrovaného

Celotélova pletysmografie (BOD Rlzna hustota tkani v organismu (FFM vs. FM)
POD) a objem téla vySetfovaného

Magneticka rezonance (MRI) Odlisné slozeni tkani z hlediska atomu










Total Body % Fat

Soarce: 008 NHAMES White hale

Waorld Health Organization Body Mass Index Classfication
BMI = 46.6 WHO Classification

Lndernmeight Mormmal Crwermsight Obesity | Obesity |1 Obesiy 1

.I-

Lo

hlll"_

15 20 25

20

35 40 4%



DXA Results Summary:

Region

L Arm
R Arm
Tnmk
L Leg
R Leg
Subtotal

Head
Total

BMC
(2)

22498
218.90
058 26
5395.01
61592
2613.13
639.60
3252.74

Fat
Mass (2)

30501
3lel.6
367555
10115.0
10097 8
63179.0
1610.2
647892

Lean
Mass (2)

5175.6
2310.0
475145
16027.3
16686.3
00713.7
4149.6
04863.3

Lean+

BMC (g)

5400.6
23289
48472 8
16622.3
17302.2
033268
789.2
08116.1

Total Mass
Mass ()

8450.7
8689.6
852282
26737.3
274000
156505.8
6399.5
162905.3




Total Body % Fat Results

Total Body % Fat

Scan Date Age *aFalt Percentile Chamge vs
g YN ANl Baselineg Frevinus
24 .04 2014 43 365 a3 28 54 -0.3
- +: 15102013 18 36 6 a4 30 = | -14
15304 2013 47 3 2 Gl B -3.7 -1.3
20 102012 47 39.% &8 46 2.5 1.6
- 3072012 45 37.8B &0 36 -1 4.1
L'.r; 0z 04 2012 45 419 TR Gl
-
Total Lean+BEMC Mass Results
o Scan Date Age Lean+ Change Month vs Change vs
B BAIC (g Bascline Previous Bascline Previous
2404 2014 42 S5G0TH -378 -163 QI -1025
10 y , 15102013 48 5T099 451 167 -B301 QO
45 41 4 44 15042013 47 56101 -T51 -50G -D20E -3335
A o 2% 102012 47 50437 -EG3 -B66 -5963 - X550
= 3007 2012 45 G027 B0 -ETO -3373 3373
= 2008 NHANES Wiute Female 07 0% 201- e 55400
Total Mass Results
Scan Date Apge Nass (g Chamnge Month vs Chamge vs
Bazelinge Previous Baseline Previous
24 .04 2014 43 38354 -933 -321 -24256 2013
15102013 18 H36E 1200 -G3 22242 -379
1504 2013 47 TR 1765 -1353 21864 _T42>3
10202 47 o160 2103 -523 . EEEL 1564
30072012 16 90734 -3321 -3321 12876 12876
0 04 2012 45 112610

Y = "f-:lml.g Mormal Al = Age M atched
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FFM 1,0997 g/cm’?
FM 0,9168 g/cm?

Znéni rovnice pro vypocet hustoty téla u podvodniho vazeni

D=W,/[(W,— W, /Dy)— V. +0,1]

Tabulka 17: Znéni rovnice tvkajici se hustoty téla u podvodniho vazeni

* W, — hmotnost té&la na vzduchu

¥ W. — hmotnost té€la pod vodou
* Dy — hustota vody pi1 dané teploté

* V; — rezidualni objem plic




Znéni rovnice pro vypocet télesného sloZeni vychazejici z hustoty téla

% BF = (4,57 /D —4,142) x 100

% BF=(4,95/D —4,5) x100

Tabulka 18: Znéni rovnice pro vipocet télesného sloZeni zaloZené na znalosti hustoty téla
[244, 245]

* % BF — procentualni zastoupeni tukoveé tkané
* D — denzita (hustota) téla













FPLD2 FPLD3 Control
BMI 24.8 BMI 31.3
53 yrs 49 yrs







OMROMN HEF - 306C









Impedance (2)

Z=L/A

Objem valce:
V=AxL
A=L/7

Z = impedance — celkovy télesny odpor
L = delka vodice (cm)

TBW =Ht2/ Z A = plocha prfiéného prafrezu (cm?é)
TBW = celkova télesna voda
LBM =TBW/0,73 e e e
Ht = telesna vyska {(cm)

Tuk = Hmotnost - LEM L BM = ATH = tukuprosta télesna hmota













High (>200kHz) Low (<50kHz)
E S A

ECWiEstracellul=r Water)




Multifrekvencni BIA

100 kHz

50 kHz /—\/
5 kHz ’\

N

Multi-frekvenéni méreni: prdchod p

raznych frekvenci elektrického proudu
do tkani

Zadna odchylka piiprichodu
bun&fnou membranou— méreni
celkove télesné vody (TBW)

Mirna odchylka pfiprichodu
bunéfnou membranou— méieni
celkoveé télesné vody (TBW) a
buné&né télesné hmoty (BCM)

Meprochazi buneCnou
membranou— merfeni
extracelularnivody (ECW)







Nazev umisténi Misto na téle Pocet elektrod
elektrod

Tetrapolarni Horni a dolni 4
koncetiny
Bimanualni Horni koncetiny 2

Bipedalni Dolni koncetiny 2







InBody 770

InBody 230

Jawon 10l 353
Professional

Tanita BC-418

Omron BF511
(fitness vaha)

Bodystat 1500

Neuvedeno

4, 8-bodovy
dotykovy
systém
4, 8-bodovy
dotykovy
systém
4, 8-bodovy
dotykovy
systém
4, 8-bodovy
dotykovy
systém
4, 8-bodovy
dotykovy
systém

Zalezi na

mérené Casti

+ala

Zadny
empiricky
odhad
Zadny
empiricky
odhad
Zadny
empiricky
odhad

Standard /
athletic

Neuvedeno

Zadny
empiricky
ndhad

400 000 K¢

169 400 K¢

99 260 K¢

109 900 K¢

1 800 K¢

20 900 K¢



InBody 120

InBody 170

InBody 370

InBody 570

4, 8-bodovy
dotykovy
systém

4, 8-bodovy
dotykovy
systém

4, 8-bodovy
dotykovy
systém

4, 8-bodovy
dotykovy
systém

Zadny
empiricky
odhad

Zadny
empiricky
odhad

Zadny
empiricky
odhad

Zadny
empiricky
odhad

80 000 K¢

110 000 K¢

200 000 K¢

300 000 K¢










190 cm 190 cm
90 kg 100 kg
81 kg FFM 90 kg FFM
9 kg FM 10 kg FM

10 % BF 10 % BF
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16-17%

12-14% Essential for survival. Elevated 14-15% Very Low. Elevated risk of 32+ 9% Overweight Hevated risk of

risk of infertility, anemia, osteoporsis, infertility, cardiovascular disease & 16-20% Very Fi

) 3 7 = L ¥ ) E 0 1. E-r_'} _F!t .
high mortality, amenorrhea, infection. diabetes. Most athletes complete at this 21-240 25-31% A Little Extra :Fﬁtd!SEﬂzf’ EH;FEF’ Strﬂiﬂ typf'.';’
may burn muscle for nutrition as not enough  percentage, but gain fat between G % Average iabetes, reduced life expectancy, sleep

; : apnea, osteparthritis, ete.
fat stores. tournaments for their health. - i


















https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0200465&type=printable
https://journals.plos.org/plosone/article/file?id=10.1371/journal.pone.0200465&type=printable
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B Hodnota télesného tuku
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Body Composition Analysis

L D 17.7 . 16.1 ~ 19.7
ECW 8 no 16,8 -y 9.9 ~ 12,1
Protein fagh 77 8.3 T~ 8.5
Mimeral (=g} 2.76 d's'é'ér-:'ni'm 2.29 24] =294
Body Fat Masgs |23l 374 10.2 ~ 16.4
I BdEmpmt A penimpdee
hormal Rangs [
Weight Tl S L .rf'..:s. 434 - SHH
7 B2 ) ) B0 40n 2D E T e T _
ﬂ'" -,“_-_“_*“ I ] 19.2 ~ 23.3
3 : - I' 181 .'I:: sHO 1L:I Llrlll JI.!:I '|I"
Body Fat Mass (<3} | i eu— — — — S e—— T 10.2 ~ 16.4




L) 1 ] ] | 1 ] I ] | ]
LH—L.- ]| e — 1] R 18,5 — 25.0
F-—r-r.n-r- £ 0 u_:«_,,._-.-# JE-; h 18.0 ~ 28.0
W HR Of8  OTE  or3  0B] 0As -..sn".“-_-ju- o wm L 1,13 0.7% — O.&S
Lean Balance Coan B LosnSces’ ean xf 00 M)
Lol ear [Meoerrmeal Ovar LT
&0 ac LA i T—-EE: - ae e ECFITEF bscwimaw
“lth"l I | R — | |
o 76.2 ' 0.331 ; 0.378
& ac 5o Wi 1o 1ha L 1 i
Left Arm  {xal ——_H&—— 1.85 0.333 | 0.379
5. |
b ar 2t wde o 1 th 14 :
Trunk Tgh ?—— i7.2 0337 i 384
A ar .} e 1o L tha 143 =
Right Leg  (u}| e e m——— 0.334 § (1381
¥ | |
||
! e 3 da W 133 da 140 - ! -
Left Leg I B S O] K 3
o ] 0.3351 0.382




Visceral Fat Area
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Mutritional Evaluation

Protein [ m[ ~
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Health Diagnosis
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Weight Control

Additional Data | Normal Rasge | Target Weight 51.1 kg
Cossity Dogres = 149 % | 90 ~ 110 Weight Control =254 g
BCM=254kg |23.1~283 Fat Control L 256 kg
BMC=229kg | 1.98-242 Muscle Cantrol +0.2 kg
BE M RER=1215kcal | 1130 - 1299 Eit P— 54 Point
Anthropometry Impedance
MECK = 36.3cm  CHEST = 97 9em Gy Ty Ny 1
ABD = 109 9¢m HIP = 122 6cm Stz 400 m?:; 14:5; A8 TTED
ACx = 34.3cm ACL = 34.0cm 20klz 1343 %94 00 2138 11
THIGHR =58 8cm  THIGH. = 58 9cm oz (3050 S0 223 Fm0 2ied
AMIC = 26.6cm Xe SkHr| o9 M0 30 318 493

SOk ®EF W9 9N 113 12X

250kHz | 187 498 59 ®311 mox
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