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1. Introduction 

Polycystic Ovary-Syndrome (PCOS) is a complex endocrine disorder which affects 
approximately 5-10% of females of reproductive age (Asunción et al, 2000, Diamanti-
Kandarakis et al, 1999, Dunaif A, 1997). The syndrome is characterized by abnormal 
menstrual cyclicity, ovulatory dysfunction, hyperandrogenism and hirsutism (Goodarzi et 
al, 2011, Hatch et al, 1981). Functional ovarian hyperandrogenism is due to 
hyperinsulinemia, insulin resistance and hyperlipidemia. The acute problems of the patient, 
namely ovarian abnormalities and ovulation induction for subfertility, have shifted toward 
the prevention of long-term health consequences (Cupisti et al, 2007). Insulin resistance is a 
key feature of females with PCOS, especially, when they are overweight or obese. This has 
important effects in favouring androgen excess and oligo-anovulation. It is evident, that 
females with PCOS, especially the overweight ones, have a higher risk for developing type 2 
diabetes. It is suggested, that insulin resistance is even more common in overweight patients 
with PCOS that in lean females. There is a continuum of decrease in insulin sensitivity with 
increasing abdominal fat accumulation (Zelzer et al, 2011). Hyperandrogenism is associated 
with fat accumulation at the body trunk. This android, “apple”-like fat pattern is a risk for 
metabolic disturbances like cardiovascular diseases and type 2 diabetes (Cupisti et al, 2007, 
Nathan & Moran, 2008). 

Early symptoms of PCOS such as growing precociously pubic hair, height growth and 

overweight, do already appear during childhood and adolescence, but the problems are not 

diagnosed seriously (Bronstein et al, 2011, Oliveira et al, 2010). Obesity in childhood is 

widely spread worldwide. Lower physical activity and a general availability of high caloric 

food may cause high proportions of overweight and obese juveniles for higher risks for 

females to develop PCOS. 

Females with PCOS need medical care for different reasons: the pediatrician may be 

contacted because of childhood obesity or abnormal menstrual bleeding. The dermatologist 

may be approached for hirsutism. The gynecologist may be consulted for menstrual cycle 
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abnormalities, unfulfilled wish for pregnancy, or complications during pregnancy. The 

physician of internal medicine may be consulted for obesity or type 2 diabetes. The cause of 

a first contact of the patient with a physician is often a rapid weight gain. The consulted 

physician will measure BMI or waist circumference. The suggestion of metabolic terms, 

however, should focus the interest on the distribution of body fat, not only on body weight. 

A rapid, non-invasive and precise measurement of the thickness of adipose tissue might 

render important information of metabolic risks even in juveniles and in young females. 

Advanced statistic methods could support the detection of a PCOS - like fat distribution and 

confirm the risk for metabolic disturbances (Tafeit et al, 2000; Tafeit et al, 2000a, Tafeit et al, 

1999). 

2. The lipometer 

Measuring body fat has increasing priority in medical care, but also in sports and human 
biology. The standard methods are caliper, computed tomography, underwater weighing, 
nuclear magnetic resonance, bio-impedance or dual energy X-ray absoptiometry (DEXA). 
These methods have several disadvantages like high costs, stress for the subject, radiological 
burden or lack of precision. 

The newly certificated optical device Lipometer is a computerized optical system for precise 
measurement of the absolute thicknesses of subcutaneous adipose tissue in mm (Tafeit et al, 
2000b). 

 

Fig. 1. The Lipometer, an optical device to measure the thickness of subcutaneous adipose 
tissue layers 

2.1 Design of the lipometer 

The sensor head of the Lipometer consists of five light-emitting diodes as light sources 
(wavelength 660 nm, light intensity 3000 mcd) and a photodetector. The diodes illuminate 
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the body site to be measured, forming geometrical patterns that vary in succession. The light 
intensities from the adipose tissue are back-scattered, amplified, digitized and render fat 
thickness of the named body site in mm (Moeller at al, 2000). Calibration and evaluation was 
done by computed tomography as reference method.  

2.2 Procedere of measuring Subcutaneous Adipose Tissue Topography (SAT-Top) 

Fifteen anatomically well defined body sites from 1-neck to 15-calf give the information of 
individual body fat distribution (Subcutaneous adipose tissue topography, SAT-Top) (Tafeit 
et al, 2007). The coefficient of variation of these 15 body sites was published previously 
(Sudi et al, 2000). 

 

Fig. 2. The set of fifteen anatomically well- defined body sites from 1-neck to 15-calf on the 
right side oft the human body 
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Fig. 3. SAT-Top protocols: Female pear profile (left) and female apple profile (right) with the 
same age, weight and BMI 

SAT-Top of the measured person is like an individual “fingerprint”, defined by genetics, 

sex, nutritional status, hormonal and metabolic disorders and modified by age and life style.  

2.3 Comparing an individually measured SAT-Top with the data of healthy or diseased 
subjects of the same sex and age 

SAT-Tops of more than 3000 men, women and children are included in the Lipometer data 
base, healthy subjects as well as patients with type 2 diabetes, coronary heart disease, 
obesity and fertility disorders (Moeller et al, 2000a). 

Both, male and female children develop about the same SAT-Top between birth and the age 

before the onset of puberty. At the age of about eleven years the adipose tissue layers on the 

extremities increase in girls. The maximum of the adipose tissue layers on the legs is reached 

at the age of 22 years. Boys, however, decrease the thicknesses of the subcutaneous adipose 

tissue layers at the extremities. The minimum of the thickness of adipose tissue layers at the 

extremities is reached at the age of 17 years.  

At the age of 20 years men and women increase adipose tissue layers at their trunks until 
they are about 60 years old. Men have skinny extremities, women have not. 

In later life man and women stop increasing the thicknesses of adipose tissue layers at the 
trunks and turn back to thinner layers at their trunks. 
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Patients with obesity, type 2 diabetes, coronary heart disease, PCOS and anorexia nervosa 
have significantly different SAT-Tops compared to age-matched healthy controls. Anorectic 
patients have not the typical patterns of a male or female body fat distribution, but all over 
the body extremely thin adipose tissue layers of somewhat less than one mm. Overweight 
patients increase adipose tissue layers on neck, trunk, abdomen, hip and back and 
accumulate visceral fat, the “apple”-like body fat distribution. An even more pronounced 
“super- apple”- like body silhouette can also be found in overweight PCOS women and 
patients with type 2 diabetes and coronary heart disease (Moeller et al, 2000). 

3. Polycystic Ovary Syndrome and body fat distribution 

The diagnosis of PCOS is based on the Rotterdam criteria (The Rotterdam ESHRE-ASRM-
Sponsored consensus workshop group, 2004). Two out of three of the following are required 
for the diagnosis: oligo- and/or anovulation, clinical and/or biochemical signs of 
hyperandrogenism, polycystic ovaries by ultrasound. Disorders with a similar clinical 
presentation have to be excluded. 

About half of the females with PCOS are overweight or obese. The body fat distribution and 
SAT-Top is a better indicator of metabolic changes than waist circumference or BMI. 
Hyperandrogenism can be attributed to a fat accumulation at the trunk (Enea et al, 2011). 
Females with an android body silhouette have a higher risk for developing cardiovascular 
diseases, or type 2 diabetes (Goodarzi et al, 2011).  

3.1 SAT-Top comparison of adult females 

SAT-Top was measured in healthy females, overweight and lean females with PCOS. 
Diagnosis was performed by the Division of Reproductive Endocrinology of the Medical 
University Graz because of unfulfilled wish of pregnancy. Polycystic ovaries were 
diagnosed by ultrasound. Oligo- and anovulation, acne or alopecia and /or elevated 
androgen levels were identified (Hatch et al, 1981). 

 
healthy 
controls obese PCOS lean PCOS 

N 87 18 15 

Age (years) 28,1+4,1 27,3+4,9 25,6+4,1 

Height (cm) 165,5+6,6 164,5+6,5 165,8+8,3 

Weight (kg) 60+9,4 83,9+13,6 56,8+7,6 

BMI (kg/m2) 21,9+2,9 31,0+4,7 20,7+2,3 

Table 1. Personal data of adult females 

The green area in figure 4 shows the body fat distribution of healthy females, a typical “pear”-
like body fat distribution with thicker adipose tissue layers at the extremities: triceps and legs. 

Lean young females with PCOS (orange bars in figure 4) have thinner adipose tissue layers 
over the whole body and relatively thin layers at the extremities, but the profile is still more 
“pear”-like. 
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Overweight and obese females with PCOS (red bars in the figure) have a remarkable 
different body fat distribution with significantly thicker fat layers at all body sites from neck 
to hip and thinner layers at their legs, a typical “apple”- like body fat distribution (Tafeit et 
al, 2003). 

 

Fig. 4. SAT-Tops of healthy control females (green area), obese women with PCOS (red bars) 
and lean women with PCOS (orange bars) 

3.2 Body fat distribution of women with type 2 diabetes 

SAT-Top of 20 women with type 2 diabetes was published previously and the subcutaneous 
body fat pattern has strong similarities to obese women with PCOS. 

The personal data are shown in table 2: 

 healthy women type 2 diabetes 

N 122 20 

Age (years) 58,1+6,2 62,4+6,6 

Height (cm) 161,9+5,9 160,9+5,4 

Weight (kg) 72,1+11,6 75,4+13,1 

BMI (kg/m2) 27,5+4,5 29,1+4,9 

Table 2. Personal data of elderly females 

Figure 5 shows SAT-Tops of healthy controls (green area) compared to those with type 2 
diabetes (violet bars): 

The healthy elderly controls have increased thicknesses of adipose tissue layers located at 
the trunk during the postmenopausal aging processes. Overthere females with type 2 
diabetes develop thicker fat layers at their trunks, while the extremities are thinner than that 
of healthy elderly controls (Tafeit et al, 2000). 
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Fig. 5. SAT-Tops of healthy elderly controls (green area) and elderly females with type 2 
diabetes (violet bars). 

3.3 Body fat distribution of normal weight and overweight young girls 

SAT-Top was measured in 25 overweight, female juveniles and age-matched controls.  

The table shows the personal data: 

 healthy controls overweight girls 

N 301 25 

Age (years) 12,6+1,3 13,1+0,3 

Height (cm) 156+9,2 160+6,1 

Weight (kg) 46,8+10,8 78,8+12,3 

BMI (kg/m2) 19,3+3,0 30,8+4,7 

Table 3. Personal data of adolescent females 

Figure 6 shows the SAT-profiles of healthy (green area) and overweight (pink bars) female 

juveniles at the age of 13 years: 

Healthy girls begin to develop a gynoid body silhouette with thicker fat layers at the 
extremities. The overweight girls have thicker adipose tissue layers at all measured body 
sites, including also at the extremities. The body sites at the trunk are significantly thicker 
than those of the healthy controls. The body fat distribution of those juveniles is comparable 
to 60-years–old females with type 2 diabetes and adult females with PCOS (Tafeit et al, 2000, 
Moeller et al, 2007). 
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Fig. 6. SAT-Tops of healthy young girls (green area) and overweight girls (pink bars) 

3.4 Comparison of the three groups of patients 

The presented groups of patients (obese young females with PCOS, elderly females with 
type 2 diabetes and obese young girls) have an “apple”-like body fat distribution. Insulin 
resistance is suggested and consistently high risk for meatabolic diseases. The comparison of 
their SAT-Top plots is shown in figure 7: 

 

Fig. 7. SAT-Tops of obese females with PCOS (red line), females with type 2 diabetes (violet 
line) and overweight girls (pink line) 
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The “apple”- like body fat distribution is nearly congruent in females at the age of 13 years 
(overweight girls), 27 years (females with PCOS) and 62 years (females with type 2 
diabetes). 

Factor analysis condenses the 15-dimensional information of SAT-Top data in a two- 

dimensional diagram. Factor 1, the x-axis, represents the combined measured data of the 

trunk, Factor 2, the y-axis, represents the data of the extremities. The blue line in the figure is 

the development healthy male controls from 9 (m09) to 80 years (m80). A 9 years old boy 

has thin fat layers at the trunk. To the age of 17 years the young male decreases the thickness 

of adipose tissue layers at the extremities. Between the age of 17 years to 40 years the young 

male increases fat layers on the trunk (m17, m22, m30, m40). Between 40 and 60 years male 

individuals turn back to thinner trunk layers (m40, m50, m60).  

The red line shows the development of SAT-Top in females from 9 (f09) to 80 (f80) years. A 9 

years-old girl has lean extremities and thin fat layers at the trunk. The thickness of adipose 

tissue layers at the extremities increases till the age of 22 (f22). Between 22 years and 60 

years female persons increase their fat layers at their trunks and decrease it in older age 

between 60 and 80 years (f60 –f80). 

 

Fig. 8. Factor analysis condenses the SAT-Top information at the trunk and the body sites at 
the extremities into a two-dimensional plot, where the position of each subject can be 
shown. 

The gynoid body silhouette seen in fertile young females is a signal reproductive potential. 

Regarding SAT-Top of females with PCOS, a high divergence of the typical femal body 

silhouette is evident. 
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All SAT-Top plots shown in this chapter indicate, that almost all SAT layers of the upper 
body were significantly thicker in obese adolescents, obese females with PCOS and elderly 
females with type 2 diabetes, whereas SAT-layers at the legs were thinner compared to 
healthy controls of the same age group. 

The patients described in this chapter, namely overweight females with PCOS, females with 
type 2 diabetes and overweight female adolescents are positioned at higher values of Factor 
1, indicating significantly thicker adipose tissue layers at the trunk. Factor 2, the condensed 
body sites at the extremities show lower values in females with PCOS and type 2 diabetes 
compared to the age matched control group. 

4. Conclusion 

PCOS is a common disorder, representing an early indication of future metabolic risks 
(Barber & Franks, 2010, Sloboda et al, 2011). Obese females with PCOS have more severe 
clinical features than normal weight females with PCOS (lean PCOS) (Pandey & 
Bhattacharya, 2010). Because of the world-wide epidemic increase of obesity the prevalence 
of PCOS appears to be rising, too. Overweight and obesity have a profound effect on the 
clinical manifestation of insulin resistance, PCOS, and type 2 diabetes. Females and 
adolescents with PCOS suffer also from psychicals burdens such as feeling less attractive 
than peers, they have less sexual contacts also because of obesity and hirsutism. 

Insulin resistance is a condition of PCOS. Insulin resistance promotes fat storage because 
glucose is not taken by the cells. Increased levels of insulin in the blood stream cause wide-
ranging consequences that can lead to a variety of other serious health conditions, such as 
coronary heart disease, hypertension, diabetes, as well as infertility, abnormal hair growth, 
cysts on the ovaries. These high insulin levels in the blood even in young girls are correlated 
to abdominal fat accumulation, which is highly difficult to demolish. Recent studies confirm 
that caloric intake and energy expenditure is at a comparable range in healthy and insulin 
resistant subjects. Therefore loosing weight and decreasing abdominal fat is a long-term and 
often frustrating process. Otherwise - it is highly important for females with PCOS and 
overweight adolescent girls to induce weight loss and fat loss in the abdominal area; more 
than in the general population (Hrzystek-Korpacka et al, 2011). Body weight loss is 
associated with beneficial effects on the clinical features. Insulin-sensitizing agents might 
support weight reduction programs (Grover & Yialamas, 2011). The named patients 
(juvenile females, overweight young women with PCOS and elderly women with type 2 
diabetes) should receive any support for weight loss (fat loss) by their practitioner. 
Especially the early intervention combating obesity in juveniles regarding growth and 
development stages must become the challenge of health services. Lifestyle modification is a 
key factor for enhancing quality of life for overweight and anovulatory females. Prior to 
ovulation induction treatments weight loss should be encouraged. The lower life quality is 
more attributed to obesity and hirsutism than to psychosocial status and social adjustment 
(Swallen et al, 2005). Any interventions in PCOS women that reduce trunk fat also 
influences hirsutism, acne, infertility and overall psychological and emotional condition 
(Elsenbruch et al, 2003). An individually adapted diet and physical activity should be the 
first steps in intervention strategies for overweight juveniles and women with PCOS. Early 
lifestyle interventions cause significantly reduced body fat and androgen levels, and 
improved insulin sensitivity and menstrual cycles (Norman et al, 2004). 
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The process of an effective weight-loss management by diet and exercise can be monitored 
by SAT-Top measurement. The decrease of the thickness of adipose tissue layers might be a 
motivation factor for the patient to continue and maintain weight loss intervention 
programs.  

 

Fig. 9. Expectation of a successfull intervention program: the movement of an” apple”-like 
SAT-Top to a more “pear”- position in the factor plot (green arrow).  

Furthermore, factor analysis of the SAT-Top data can immediately demonstrate, where the 
position of the patient in the factor plot is located. An effective trunk fat reduction program 
should move the position of the subject towards the area of healthy controls of the same age.  
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