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 In this chapter is presented a detailed review of the materials and methods used in the 

present investigation.  

 

2.1. Subjects 

Participants in this investigation consisted in 140 healthy premenopausal overweight 

and obese Caucasian women, recruited by public advertisement for a 2-year weight 

management program as earlier described in detail1. Study inclusion criteria required that the 

subjects were older than 24 years, were not currently pregnant, had a BMI>24.9 kg/m2, were 

not under any medication that could affect their weight, body composition, metabolic profile 

or liver metabolism, had no clinical or laboratory evidence of liver or spleen disease, and had 

no history of cancer in the last five years. Ongoing hormonal medication, previous history of 

CVD, stroke, diabetes mellitus, Cushing syndrome, hormonal dysfunction, as well as resting 

and exercise abnormal electrocardiograms (ECG) were defined as exclusion criteria. Women 

that were undertaking oral medication to treat hypertriglyceridemia, hypercholesterolemia 

and hyperglycemia were also excluded. The pre-treatment menopausal status was evaluated 

by follicle-stimulating hormone and leuteinizing hormones measurements.  

All subjects were informed about the research design before giving their fully 

informed and written consent to participate in this research. The study protocol was 

conducted in accordance with the ethical guidelines set by the Helsinki Declaration and was 

approved by the institutional Human Subjects Review Board of the Faculty of Human 

Movement, Technical University of Lisbon. 
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2.2. Body composition assessments 

Anthropometric variables.  

In Chapter 3, Chapter 4, and Chapter 5 height was measured to the nearest 0.1 cm 

using a calibrated stadiometer (Seca, Hamburg, Germany) and body mass was measured to 

the nearest 0.01 kg on a previous calibrated scale after removing shoes and heavy clothing. 

Abdominal sagittal diameter (SD), and waist and hip circumference measurements were 

obtained by means of standard procedures, as previously described elsewhere2. BMI was 

calculated as weight in kilograms divided by the square of height in meters (kg/m2). The 

waist-to-hip ratio was defined as WC divided by HC. 

 

Dual energy X-ray absorptiometry.  

A pencil beam mode DXA (QDR-1500 Hologic, Inc. Waltham, MA) was used to 

estimate trunk fat mass (TFM), total body fat mass (TBFM) and total body lean mass 

(TBLM) in Chapter 3 and Chapter 4. All measurements were made with volunteers 

positioned in supine position with their arms separated from the trunk. DXA measure the X-

rays attenuation pulsed between 70 and 140 kV synchronously with the line frequency for 

each pixel of the scanned image. A step phantom with six acrylic and aluminum fields, with 

a varying thickness and already known absorptive properties, was scanned alongside each 

subject to serve as an external standard for tissue composition analysis.  

The DXA system software first differentiates pixels into bone mineral content and 

soft tissue compartments. The soft tissue is further separated into fat and fat-free soft tissue. 

Same technician performed all the scans and completed the scan analysis according to 

operator’s manual using standard procedures. The intra-observer coefficient of variation 

(CV) for TBFM and TBLM was 2.0% and 1.7%, respectively.  
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Computed tomography. Measurement of abdominal adipose tissue distribution.  

In Chapter 3, Chapter 4 and Chapter 5 measurements of both abdominal and thigh 

AT compartments and muscle tissue areas and attenuations were obtained using an electron-

beam cross-sectional helical CT (Siemens, Somaton Plus) by standard procedures described 

elsewhere3, 4. Images were obtained at end of inspiration with scan parameters set at 120kVp 

for 2-s, 480 mA, 512×512 matrix with a 48-cm field of view. Contiguous 7-mm-thick cross-

sectional scan images were acquired from caudal heart region to iliac crest with the subjects 

supine and arms extended above their head. In each subject, a cross-sectional scan centred at 

L4-L5 vertebral disc space was selected to measure the different compartments of abdominal 

AT.  

Moreover, it was measured in the selected image the total abdominal adipose tissue 

(TAAT), VAT, Ab SAT, and superficial and deep Ab SAT areas and attenuations. The VAT 

area measured in a single slice is highly correlated with VAT mass derived from multiple 

images5, justifying the compromise between accuracy and the research costs4. TAAT 

reflected all the cross-sectional image area occupied by AT. The boundary between visceral 

and subcutaneous AT was defined using the abdominal and oblique muscles in continuity 

with the deep fascia of the paraspinal muscles and the anterior aspect of the vertebral body6.  

 

 

 

 

 

 

 

 

              Figure 2.1. Cross-sectional CT image of abdominal  
            subcutaneous and visceral adipose tissue. 
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To subdivide Ab SAT into its deep and superficial depots, it was identified the 

subcutaneous fascia7. In order to clearly visualize and demarcate this subcutaneous fascial 

plane, negative setting adjustments were made in grey level image mode8. 

Measurement of thigh adipose tissue distribution.  

With identical abdominal scan parameters, cross-sectional images of both thighs were 

obtained between the inferior ischial tuberosity and the superior border of the patella in each 

subject. Cross-sectional areas and attenuations of total thigh adipose tissue (TTAT), total 

thigh subcutaneous AT (TTSAT), total thigh SFAT, and muscle tissue were measured in 

Chapter 3, Chapter 4, and Chapter 5. Bone marrow was excluded from the analysis. The 

tissues volumes (cm3) identified in each image were calculated multiplying the image 

thickness (7 mm) by tissue area (cm2). Thigh AT volume (litters) was than converted to mass 

units (kilograms) multiplying the volume by the assumed constant fat density (0.92 kg/L)9. 

Total thigh muscle (TTMT) mass was also calculated multiplying volume (litters) by the 

constant density assumed for adipose tissue-free skeletal muscle (1.04 kg/L)9.  

At the mid-point distance between the anthropometric markers previously described, 

a 7-mm cross-sectional image of both mid-thighs was selected from all the thigh scans 

performed.  

 

 

 

 

 

 

 

            Figure 2.2. Cross-sectional image at inferior ischial tuberosity.  
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Image analysis.  

CT data was analyzed with a specific commercial software (Slice-O-matic, Version 

4.2, Tomovision Inc, Montreal, Canada) based on image morphology. A combination of 

watershed techniques and edge detection filters was employed10. Filters were used to 

distinguish different grey-level regions on the slice images, corresponding to different 

tissues, which after identified, were tagged using different colour codes. The tissue 

segmentation was computed using standard Hounsfield units ranges: -190 to -30 HU for AT 

and -29 to +150 HU for skeletal muscle10, 11.  

In both legs, the high-density muscle (HDM) (31 to 150 HU) and low-density muscle 

(LDM) area (-29 to 30 HU) were also measured12. Thigh fascia lata was used to subdivide 

the subcutaneous AT from subfascial AT13. Because the skin is hardly identifiable in CT 

images, it was necessary to correct data, assuming that the skin had a thickness of 1 mm14. 

 

 

 

 

 

 

 

Figure 2.3. Adipose and muscle tissue compartments measured by CT at the mid-thigh point and 
integrated three dimensional thigh tissues representation. TSAT, thigh subcutaneous adipose  
tissue; TIMAT, thigh intermuscular adipose tissue; TMT, thigh muscle tissue. 
 

Measurement of liver fat.  

Previous studies have shown close relations between CT attenuation values and fat 

infiltration measured by biopsy and noninvasive in vivo techniques13, 15-17. In normal 
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subjects, liver is denser than spleen, reflecting higher CT attenuations values. However, liver 

fat infiltration decreases liver attenuation values. When liver-to-spleen ratio attenuation are 

lower than one15, it is clinically assumed the existence of fatty liver.  

In Chapter 5, a 7-mm-thick cross-sectional image at T11-T12 vertebral space was 

chosen from abdominal images to measure both liver and spleen CT attenuations. These liver 

and spleen CT attenuations were determined by calculating the mean HU of three regions of 

interest (ROI) (liver ROI was ~120 mm2, being two placed in right lobe and one in left lobe; 

spleen ROI ~75 mm2). All ROI were selected in peripheral parenchyma areas away from 

major blood vessels and other areas of inhomogeneity as described elsewhere13. 

 

 

 

 

 

 

 

         Figure 2.4. Liver and spleen regions of interest. 

 

CT measurement reliability.  

The reliability for both thigh and abdominal CT-measured adipose and muscle tissue 

was calculated in 30 women. The intra-observer analysis was performed on same images 

separated by 3 months. Only the intra-observer error was calculated due to fact that the same 

technician made all segmentation measurements. The intra-observer CV for TAAT and 

VAT, were 0.7% and 0.9%, respectively. For Ab SAT, superficial and deep Ab SAT the 
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intra-observer CV were, 0.8%, 3.1% and 2.8%, respectively. The CV for total mid-thigh 

adipose tissue, subfascial adipose tissue and mid-thigh muscular tissue were, respectively, 

0.4%, 2.5% and 0.1%. The reliability for liver and spleen measurements was also calculated 

in 30 women. The intra-observer CV for LSR was 2.2%. 

 

2.3. Blood analysis 

At the same day of the anthropometric measurements, venous blood samples were 

obtained from the antecubital vein after a 12-hour overnight fast. Triglycerides, uric acid, 

total cholesterol, low-density lipoprotein cholesterol and high-density lipoprotein cholesterol 

were measured by enzymatic colorimetric methods. Fasting insulin was determined by 

electrochemiluminescence immunoassay (ECLIA), glycemia was assessed by a hexoquinase 

method and IL-6 was measured by chemiluminescence immunoassay. 

TNF-α was measured using a high-sensitivity enzyme-linked immunosorbent assay 

(ELISA) principle. Fibrinogen was measured by clotting time and PAI-1 was measured in 

iced citrated plasma using the Coatest PAI method (enzyme immunoassay - EIA). Hb A1c 

was determined by high-pressure liquid chromatography (HPLC). Adiponectin, leptin and 

urine cortisol were measured by radioimmunoassay (RIA). Microalbuminuria and plasma 

levels of CRP, apolipoprotein A1 and apolipoprotein B100 were measured by a high-

sensitivity particle-enhanced turbidimetric assay. Alanine aminotransferase (ALT) and 

aspartate aminotransferase (AST) were determined using a kinetic method.  

 

2.4. Blood pressure 

With a semiautomatic oscillometric recorder (Dinamap, Critikon, Tampa, FL), 

systolic and diastolic blood pressure were measured in seated position after a rest of, at least, 

5 minutes. A suitable cuff size was applied to participant’s upper arm, at heart level. The 
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mean of three measurements in each arm was calculated. The average standard deviation 

over pressure range (60-30 to 200-150) was 1.45 mmHg as compared with a noninvasive BP 

simulator18. 

 

2.5. Cardiorespiratory fitness 

At Faculty of Human Movement, cardiorespiratory fitness was assessed using 

modified Balke maximal exercise test protocol19, symptom-limited, performed on a variable 

speed and incline treadmill (Quinton Treadmill, Model 640, 90TM Series). After a warm up, 

the subject started the protocol with the treadmill speed set at 3.4 miles per hour and 0% 

grade during the first minute of exercise, maintaining a constant speed during the entire 

exercise test. In each subsequent minute, the grade was further increased by 1%, until 

subjects were exhausted.  

It was continuous and simultaneously measured the ventilated gas volumes, flow 

rates and respiratory gas exchange by an open-circuit spirometry system (MedGraphics 

Corporation, Breezeex Software). Maximal oxygen uptake (VO2max) was achieved when at 

least two of the fowling three criteria were obtained: a heart rate at or above the age-

predicted maximum (208-0.7*age)20, and/or a respiratory exchange ratio greater than 1, 

and/or no increase in VO2max despite further grade increases. 

 

2.6. Statistical analysis 

In Chapter 3, Chapter 4, and Chapter 5, data are presented as means±SD, unless 

otherwise indicated. Normality and homocedasticity of all variables was studied in the three 

chapters. When necessary, log transformation was used to normalize distributions. Multiple 

linear regressions, adjusted for age and BMI, were performed in Chapter 3 and Chapter 5 to 

study the independent associations of the dependent variables to metabolic syndrome 
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features and body composition markers. Variance homogeneity and residuals normality were 

tested. If variances were not equal or residuals were not normal, the dependent variable was 

transformed using a logarithmic function (Log10).  

In those two chapters, multicolinearity was studied by statistic tolerance (1-R2) to 

determine how much the independent variables were linearly related to one another. The 

stability of the regression model is disturbed by multicolinearity if tolerance was inferior to 

0.1. Standardized beta values were presented in Chapter 3 and Chapter 5 in order to 

facilitate the comparisons of the results obtained in the multiple linear regression models. A 

standardised β of 0.5 indicates that when the independent variable increased by 1 SD, the 

dependent variable increased by 0.5 SD.  

In Chapter 4, both bivariate correlation coefficients and partial correlation 

coefficients were calculated to study the relationships between both abdominal and thigh 

adipose and muscle tissue compartments with metabolic syndrome clinical outcomes. The 

statistical significance was set as p<0.05. All analyses were carried out using SPSS version 

12.0 for Windows (SPSS Inc., Chicago, IL, USA). 
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