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Definition and classification of obesity

Obesity is a multi-factorial
(hormonal) chronic disease
characterized with an
accumulation of excess fat
sufficient to harm health.
Obesity is defined as the
pathological condition in
which an individual possess
an excess of body fat of
above 30% for women and
25% for men.

Venus of Willendorf. c.24,000-22,000 BCE.
Naturhistorisches Museum, Vienna
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Definition and classification of obesity
 Obesity is determined by measurement of body fat mass,









body mass (BM) and Body Mass Index (BMI).
The body fatness is assessed indirectly by the BMI.
BMI highly correlate with body mass (BM),
body fat mass and its percentage of BM,
alternative for direct measures of body fat,
correlates to direct measures of body fat stores such
as densitometry,
determines the degree of obesity,
recommended for primary screening.
Increased BMI is a risk factor for cardiovascular morbidity
and mortality.

Definition and classification of obesity
 BMI is not accurate in:

 At the same BMI, more body fat

tend to have women compared
to men, and older people
compared to younger adults.
CLASSIFICATION OF OBESITY
Underweight
Normal weight
Overweight
Obesity (Class 1)
Obesity (Class 2)
Obesity (Class 3)

BMI (kg/m2)
<18,5
18,5-24,9
25-29,9
30-34,9
35-39,9
>40

- muscular patients (athletes) with
increased muscle mass,
- eldery with decreased muscle
mass,
- pregnancy or lactation.
 BMI does not quantitate body
composition.
 BMI does not provide information
on fat distribution.
 The BMI value does not show
the difference between excess fat
and muscle, nor identify whether
the fat is laid down in particular
sites e.g. abdominally where it
has more serious health
consequences.

Definition and classification of obesity
 Body fat distribution is a more powerful predictor than is BMI for risk

factors, morbidity and mortality.
 Many studies have documented the superior role of abdominal adiposity

as a risk factor for cardiovascular morbidity/mortality compared with
overall obesity estimated by BMI.
 The core abnormality of Metabolic Syndrome is increased body weight

and particularly central obesity.
Obese subjects can be divided into two subpopulations, on the
basis of body fat distribution:
 Upper body, or android obesity also called abdominal, central, visceral,

apple type obesity refers to the type of obesity in which the subject’s fat
is located primarily in the abdominal region, and
 gluteofemoral, gynoid, peripheral, female, pear-type

or lower body obesity in which fat is deposited mainly
in the hips, buttocks and thighs.

Anthropometric assessment of obesity
 Risk of obesity-associated metabolic complications

was increased in men with a waist girth of 94cm
and in women  80cm. Extreme abdominal obesity
is characterised with waist circumference 88 cm in
women and 102 cm in men.

 The WHR is the most widely used index

of regional adipose tissue distribution.
 Waist/Thigh ratio index
 Sagital abdominal diameter

ANTHROPOMETRIC EQUATIONS


DEURENBERG
BF%= 1.2 x BMI + 0,23 x age -10.8 x sex – 5,4
Sex: females = 0 males = 1



SEIDEL
Fat mass % = 4,201/D - 3,813 x 100
D= 1,1369 - 0,0598 x logSUMA
SUMA= triceps+ biceps+subscapular+suprailiac SF



LEAN
Males: Body fat %= 0,567x waist + 0,101x age -31,8
Females: Body fat %= 0,439 x waist + 0.221 x age – 9,4



Hume
Lean body mass (kg) = (0.29569 * (body weight in kg)) + (0.41813 * (height in cm)) - 43.2933



FRISANCHO
Total upper area (TUAcm2) = arm circumference / 4 x 3,14
Upper muscle + osseal area (UMA cm2) = [arm circumference - triceps SF x 3,14]2 / 4 x 3,14
Upper fat area (UFA) = total upper area - upper muscle+osseal area



MATEIGKA

Anthropometric assessment of obesity
 Anthropometric methods are simpler and cheaper and provide a surrogate

index of visceral obesity. They include measurement of the waist
circumference, WHR and sagittal diameter, which are useful predictors of
the metabolic syndrome in different ethnic groups.
 Therefore, no anthropometric assessment can directly measure visceral

fat, data from imaging techniques are necessary for the development
and calibration of simpler, less expensive approaches to the estimation
of visceral adipose tissue.
 Although imaging techniques such as computed tomography, magnetic

resonance imaging and DXA provide more accurate and precise assessment
of visceral adiposity, they require technical skill to operate, they are
expensive, impractical for routine clinical use and, in the case of CT, deliver
unacceptable levels of radiation exposure. These methods should therefore be
used for the development and calibration of anthropometric methods.

DENSITOMETRY
 The term densitometry refers to

general procedures estimating
- body composition
- different tissue densities

 Today Dual Energy X-Ray

Absorptiometry (DXA) is considered
the gold standard to assess bone
health and body composition.

Dual Energy X-Ray Absorptiometry
Applications for Total Body BMD and Body Composition

 Weight-reduction treatment

 Growth hormone treatment
 Primary hyperparathyroidism
 Secondary hyperparathyroidism
 Anabolic steroids therapy
 Cushing's syndrome
 Anorexia nervosa
 Exercise

 Muscular dystrophy
 Cachexic disorders (AIDS, cancer)
 Malabsorptive syndromes

DXA EXAMINATION
 DEXA is found mainly in research facilities.
 Determines body composition in obese.
 Body composition is simply the ratio of lean body mass to

fat body mass.
 DXA is an accurate method of estimating abdominal fat.
 DXA is as good as a CT scan for measuring abdominal fat.
 DXA fat distribution estimates correlate with MRI results.
 Many obese patients are simply too wide for the scan field

(approximately 190 x 60 cm).
 DEXA manufacturers generally do not recommend scanning

individuals whose body weight exceeds 100kg
 Reproducibility of DEXA is 0.8% for bone, 1.3% for body density,

1.7% for fat and 2% for body weight.

DXA EXAMINATION - RADIATION
 The radiation exposure during DXA scanning is very low.
 The effective dose for a whole body scan is less than

one tenth of a standard chest X-ray.
 Because of the directional X-ray beams used, the DXA
operator may stay in the room during a scan, and no
additional shielding is necessary.

DXA Schematic

LUNAR DPX – NT (Madison, USA)

DXA EXAMINATION
 A scan takes between 10-20 minutes.
 A person must lie still throughout the procedure.
 The scanner passes across a person's reclining body







with data collected at 0.5 cm intervals.
The sources are mounted beneath a table with a
detector overhead.
A machine sends x-rays from two different sources
generators.
Two different energy levels of X-rays.
Narrow, tightly collimated X-ray beams.
Attenuation phenomenon is dependent
on the energy of the X-ray.

DXA EXAMINATION
 The accuracy of DXA is influenced by the thickness







of the energy-absorbing tissues.
The range of body thickness for optimal accuracy
is 10–25 cm.
The intensity of the beam on the opposite side of
the object is related to its thickness, density, and
chemical composition.
Bone blocks a certain amount of the x-rays.
The more dense the bone is, the fewer x-rays get
through to the electronic detector.
The computer generates an image of the body in
pinpoint pixels, which can be 'counted' to assess
bone status and fat distribution.

DXA ESTIMATION
 DXA determines all body composition






and in defined regions, such as the
arms, legs, and trunk.
DXA utilizes the placement of standard
cut-lines to assess the arms, legs and
trunk (chest, abdomen, pelvis).
In overweight subjects, overlapping of
body parts may affect the total results
due to increased thickness in
overlapping regions.
It is important to establish diagnostic
cutoff points for normal and abnormal
values.
Normal values will require the
development of normative databases
for the different components of body
composition for different populations
of patients at different ages.

DXA ESTIMATION
 DXA can estimate three body compartments

consisting of fat mass, lean body mass, and bone
mass and their relation.
- Fat mass and FM%
- Lean body mass (LBM)
- Tissue mass = Fat mass + LBM
- Bone mineral content (BMC) and BMDensity
- Fat free mass (FFM) = LBM +BMC

DEXA ESTIMATION
 Lean body mass - LBM

(structural and functional
elements in cells, body
water, muscle, bone, heart,
liver, kidneys, etc.).
 The ratio of LBM to body fat
(essential and storage)
mass = the lean/fat ratio, is
a relative measure of body
composition.
 Age, menopause, obesity –
increase of visceral fat.

DXA ESTIMATION

BODY FAT DISTRIBUTION
 DXA-derived abdominal-to-thigh fat ratio

(A/G) is positively associated with visceral fat
and not associated with subcutaneous fat
determined by CT.
 Centrality index – A/G ratio is a useful method
for assessing body fat distribution which is
related to the metabolic abnormalities.
 The ratio of trunk fat to leg fat mass amount
(android/leg fat, trunk/leg fat ratio), (leg/trunk, leg/total).
(arm+leg)/total

(arm+leg)/trunk trunk/total)

DIAGNOSIS AND MONITORING
OF THE BONE
 DXA scans are now the best methods of diagnosis and







monitoring bone loss, to determine the risk for osteoporosis,
and to detect osteoporosis in its early stages.
DXA is the best way to diagnose and evaluate the degree
of osteoporosis.
In general, the denser the bones, the stronger they are and thus
bone mass or density can predict the likelihood or risk of fracture.
DXA determinations of bone mineral density are primarily used
for fracture risk assessment in postmenopausal women and to
select the candidates for various pharmacological therapies to
reduce fracture risk.
DXA scan calculates bone density based on the amount of
radiation absorbed by the bone, and compares patient’s bone
strenght, bone density to that of young adults with normal bone
density and to other persons at the same age.

DIAGNOSIS OF OSTEOPOROSIS
Definition

Bone Mass Density
Measurement

T-Score

Normalz

BMD within 1 SD of the
mean bone density for
young adult women

T-score ≥ –1

Low bone mass (osteopenia)

BMD 1–2.5 SD below the
mean for young-adult
women

T-score between –1 and –2.5

Osteoporosis

BMD ≥2.5 SD below the
normal mean for youngadult women

T-score ≤ –2.5

Severe or “established”
osteoporosis

BMD ≥2.5 SD below the
normal mean for youngadult women in a patient
who has already
experienced ≥1 fractures

T-score ≤ –2.5 (with fragility
fracture[s])

DIAGNOSIS AND MONITORING
OF THE BONE
 A moderate degree of osteoporosis is called osteopenia.
 The diagnosis of osteoporosis in postmenopausal women






means that the bone density has fallen below the range
expected in premenopausal women (T-score below -2.5).
BMD measurements are compared to those of a reference
population based on relevant information such as age,
weight, sex and ethnic background.
A bone denzity Z-score ranks the bone density in
comparison to BMD norms for people of the same age,
gender and ethnicity.
For bone density measurements, scans are typically
performed of the lumbar (lower) spine, the hip, and the
wrist.
The best measures are those that assess the most
important sites of fracture, and that makes DXA the most
reliable measure of bone strength.

DIAGNOSIS AND MONITORING
OF THE BONE

DIAGNOSIS AND MONITORING
OF THE BONE

DIAGNOSIS AND MONITORING
OF THE BONE

DIAGNOSIS AND MONITORING
OF THE BONE

DIAGNOSIS AND MONITORING
OF THE BONE
 A bone densitometry scan is a special type of X-ray test to

measure the calcium content of the bone, usually in the
lumbar region (the lower back) and the hips.
 Bone densitometry is very safe, and it does involve a very

small amount of radiation.
 The amount is so small that the techologist remains in the

room with the patient during the entire exam.
 DXA scan is safe, painless and quick test that can

measure bone strength and predict fracture risk before
patient develops response to particular medications.
 DXA is used to monitor the response to particular

medication.

CENTRAL OBESITY INDEX
(COI) DETERMINED WITH DXA
Prof d-r Slavica Šubeska Stratrova
Clinic of Endocrinology, Skopje, Macedonia

CENTRAL OBESITY INDEX (COI)
 DXA enables precise, accurate body composition and body

fat distribution assessment.
 BMI increase is associated with more pronounced

abdominal obesity, indicating substantially higher risk for
development of cardiovascular and metabolic diseases.
 DXA is used to quantify abdominal fat mass.
 COI is an indicator of central, abdominal obesity, which is

the main characteristics of the metabolic syndrome.

 COI is calculated as a ratio of the percentage of

predominantly visceral android abdominal fat tissue mass,
and the percentage of gynoid fat tissue mass, which is only
peripheral fat tissue mass.

BODY COMPOSITION EVALUATION
Body mass distribution

BMI increase is associated
with highest FM increase,
lower LBM and lowest BMC
increase.
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FAT MASS EVALUATION
BMI increase is associated with significant
FM increase in all regions (p<0.0001)
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FAT MASS EVALUATION
 Postmenopausal women are characterised

with significantly higher A/G ratio and A-FM
A P<0.007

A/G ratio P<0.0001

FM in PRE-M and POST-M

A/G ratio in PRE-M and POST-M
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 Mean % FM increase is

significantly higher in arms
compared to legs, as well
as in A compared to G.
 BMI increase is associated
with more pronounced
abdominal fat distribution.

FAT MASS PERCENT
Arm, leg and total FM%
60
50
40
% 30
20
10
gr1

0
arm

leg

total

gr2

A, G and trunk FM%

gr3
gr4

60
50
40
% 30
20
10
0
A

G

trunk

 Postmenopausal women

legFM% increase is less
significant (p<0.008), and
G-FM% increase is NS.

 BMI increase is

associated with
significant FM%
increase (p<0.0001)
in all regions.

LEAN BODY MASS EVALUATION
Arm LBM in dependence on BMI
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 LBM increase is highly significant in all regions (p<0.0001), except leg.
 Leg LBM increase has lower significance (p<0.002).
 Leg LBM value is significantly lower in postmenopausal women

compared to premenopasual (p<0.001).

postMNP

Lean body mass estimation
Total FM in dependence on BMI
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 BMI increase is characterised with:

- less significant BMC increase
- lower BMC in post-M
compared to pre-M women.

Arm, trunk, A & total NS

Bone mineral content in pre and posmenopausal women
Arm BMC in pre and postMNP women
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Bone mineral density (BMD)
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 BMI increase is characterised with:

- significant BMD increase in all
regions except spine and ribs
- lower BMD in post-M compared
to pre-M women.

total p<0.002

Bone mineral density in pre and postmenopausal women
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TISSUE MASS & FAT FREE MASS
 TM and TM% increases highly significantly

(p<0.0001) in all regions except legTM%
(p<0.007) and G-TM% (NS).
 FFM is not different between the 1st and 2nd

group in all regions (as a result of no LBM
and BMC increase).
 BMI increase is associated with significant

(p<0.0001) FFM increase in all regions,
except for leg FFM (p<0.001).

DXA body composition assessment
 Increased leg fat mass appears to be favorably associated





with CAD risk factors after adjusting for central adiposity*.
FT in legs have a protective effect against the metabolic
disorders.**
Peripheral FT has a negative association with metabolic
dysfunction. Increased leg fat mass is simply indicative of a
propensity to store fat subcutaneously.***
Lower leg FM increase in this study was associated with
more pronounced abdominal obesity which is related more
to metabolic abnormalities.
These data confirmed association of the BMI increase with
emphasized abdominal body distribution and abdominal
type of obesity, which is the main characteristic of the
metabolic syndrome.

*Tatsukawa M., et al. Proc Soc Exp Biol & Med 2000; 223:156-162
**Christou DD, et al. Am J Physiol Heart Circ Physiol 2004; 287: H1530-H1537.
***Williams MJ, et al. Am J Clin Nutr 65: 855-860, 1997.

CONCLUSION
 DXA enabled precise, accurate body

composition assessment and showed that BMI
increase as well as postmenopause compared
to premenopause was associated with more
pronounced abdominal obesity, indicating
substantially higher risk of developing
cardiovascular and metabolic diseases.
 COI indicated android to gynoid fat mass
percentage ratio, which is in positive relation
with abdominal obesity , and the metabolic
syndrome.

