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 A brief description of the methods used throughout the present dissertation is 

presented in this chapter. First, the sample will be described, then the intervention used 

with the participating overweight and obese women, followed by the body composition 

methods that were used at baseline and at the end of intervention. Finally, the statistical 

analysis used will be described. 

 

SAMPLE 

Subjects were recruited from the greater Lisbon area, to participate in 16-month 

weight management program, through newspaper and other media advertisements, 

email messages, and study flyers.  

Inclusion criteria were the following: 1) female, 2) > 24 years old, 3) pre-

menopausal, 4) currently not pregnant nor trying to become pregnant, 5) body mass 

index (BMI) >24.9 kg/m
2
, and 6) free from any major diseases. After several orientation 

sessions, 152 females signed up for the program. During the run-in phase, four women 

decided not to participate (reporting time and scheduling conflicts), four others did not 

comply with testing requirements, three women became pregnant or were attempting to 

become pregnant, and one subject was diagnosed with hyperthyroidism, leaving a total 

of 140 subjects who started the intervention. 

 An initial visit with the study physician ensured that subjects met all medical 

inclusion criteria. All women agreed to refrain from participating in any other weight 

loss program and gave written informed consent prior to participation in the study. 

In Chapter 3, the sample was composed of 48 women for the reason that after the 

intervention, 93 women were evaluated, but only 48 performed all the body 

composition methods and lost weight. 
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In Chapter 4, the sample used includes 85 women. Despite the fact that at sixteen 

months after the intervention 93 women were evaluated, only 85 women performed all 

body composition assessment methods and had thoracic gas volume measured 

successfully. 

In Chapter 5, the sample consists of 95 women considering that all completed 

ADP and DXA testing at baseline and after weight loss. 

 

INTERVENTION 

As described by Teixeira et al. (1), subjects in the first phase attended 15 treatment 

sessions in groups of 32 to 35 women, for 4 months. Average attendance to the 

treatment sessions was 83%. Sessions lasted 120 minutes and included educational 

content and practical application classroom exercises in the areas of physical activity 

and exercise, diet and eating behaviour, and behaviour modification. Physical activity 

topics included learning the energy cost associated with common physical activities, 

increasing daily walking and lifestyle physical activity, planning and implementing a 

structured exercise plan, setting appropriate goals, using logs and pedometers for self-

monitoring, and choosing the right type of exercises. Examples of covered nutrition 

topics were the caloric, fat, and fiber content, and the energy density of common foods, 

the role of breakfast and meal frequency for weight control, reducing portion size, 

strategies to reduce fat content in the diet, preventing binge and emotional eating, 

planning for special occasions, and reducing hunger by increasing meal satiety (e.g., 

increasing fiber content). Cognitive and behavioural skills such as self-monitoring, self-

efficacy enhancement, dealing with lapses and relapses, enhancing body image, using 

contingency management strategies, and eliciting social support were also part of the 

curriculum. Subjects were instructed and encouraged to make small but enduring 
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reductions in caloric intake and to increase energy expenditure to induce a daily energy 

deficit of approximately 300 kcal. Although weight was monitored weekly, subjects 

were advised that long-term (i.e., after 1-2 years), not necessarily rapid weight 

reduction, was the primary target. 

In the first session, participants were informed that reaching a minimum of 5% 

weight loss at 6 months was an appropriate goal in this program and were subsequently 

instructed to individually calculate the number of kilograms that corresponded to their 

specific body weight.  

In a second phase of the program (i.e. after 4 months), participants were 

randomized to a control and two maintenance groups for 12 months, consisting of 

monthly 120-minute group meetings. These were designed to support participants in 

their behaviour change experiences and to overcome individual roadblocks to increase 

physical activity and improve dietary habits. Participants in the two intervention groups 

were asked to participate in a minimum of 4 and a maximum of 6 physical activity 

sessions weekly. Additionally, women in one of the two groups were asked to attend 

two weekend exercise sessions, including aerobic and strength exercises. Compliance 

was monitored on the basis of daily logs of physical activity. Average attendance to this 

phase was 68%. For the present analysis, data were polled across groups. 

 

BODY COMPOSITION MEASUREMENTS 

Measurements of body composition using each technique were conducted 

according to standard procedures. Subjects came to the laboratory, after a 12-hours fast, 

and 24-hours without exercise, alcohol or stimulant beverages.   All measurements were 

carried out in the same morning. In brief, the procedures were as follows. 
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Multicomponent model 

The 4C model developed by Heymsfield et al. (2) was used as the reference 

method in Chapter 3 of this thesis. Accordingly, FM was assessed with the following 

equation: 

FM (kg)=[(2.513×BV)-(0.739×TBW)]+[(0.947×Mo)-(1.79×BW)]                   (1) 

where BV is body volume (L), TBW is total body water (kg), Mo is bone mineral (kg), 

and BW is body weight (kg). 

Calculation of FFM density  

The density (D) of FFM (DFFM) was estimated from TBW, Mo, and residual 

(residual is equal to BM minus BF from the 4C model, TBW and Mo) contents of FFM 

(estimated as BM minus BF from the 4C model) and their densities (0.99371 g/cc, 2.982 

g/cc, and 1.404 g/cc), for TBW, Mo, and residual, respectively, 

DFFM= 1 / [(TBW/DTBW) + (Mo/DMo) + (Residual/Dresidual)]                (2) 

Body Volume 

Body volume was assessed by air displacement plethysmograph (BOD POD


, 

Life Measurement Instruments, Concord, CA, USA). The use of this method is 

described in detail elsewhere (3, 4). Briefly, after voiding the bladder, each subject was 

weighed to the nearest gram while wearing a swimsuit. The BOD POD


 was calibrated 

according to the manufacturer’s instructions, and raw body volume (Vbraw) was 

determined. The effects of clothing and hair are accounted for by using minimal 

clothing, such as a bathing suit, and by compressing hair with a swim cap.  

All measurements were conducted with the BOD POD


 software version 1.68.  
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Total Body Water 

An accurate method to estimate TBW is the bioelectrical impedance spectroscopy 

(BIS) analysis (model 4000B, Xitron Technologies, San Diego, CA, USA). Before the 

test, subjects were laying down for 10 minutes in a supine position with their arms and 

legs abducted at a 45 degree angle. This impedance spectra was modelled with the Cole-

Cole cell suspension model (5) to derive a theoretical impedance at zero and infinity 

frequency, based on a nonlinear curve fitting from the measured resistance and 

reactance. Intracellular water (ICW) and extracellular water (ECW) were predicted from 

the Hanai mixture theory (6), and TBW was estimated by the sum of ICW and ECW. 

To estimate TBW a correlation coefficient of 0.96 between this method and a dilution 

method has been reported (7).  

Bone Mineral 

Total body bone mineral was measured using DXA (QDR-1500, Hologic, 

Waltham, USA, pencil beam mode, software version 5.67 enhanced whole body 

analyses) as described bellow for FM and FFM. Considering that bone mineral content 

(BMC) represents ashed bone, BMC was converted to total body bone mineral (Mo) by 

multiplying it by 1.0436 (8).  

Reliability 

Reproducibility was performed on 2 days, approximately one week apart, in 10 

subjects, ranging in age from 25 to 44 yrs (mean ± SD: 35.0 ± 6.8 yrs) and BMI from 

20.8 to 27.9 kg/m
2
 (mean ± SD: 24.6 ± 2.4 kg/m

2
) for the following measurements: BV, 

BMC, TBW and the propagation of measurement error calculation. The technical error 

of measurement for each technique was assessed with the following equation 

(Σd
2
/2n)

1/2
, where d stands for the difference between repeated measurements and n is 

the number of paired repeated measurements. Also, the CV for each technique was 
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assessed as the standard deviation of duplicate measurements standardized for the mean 

value of the duplicate measurements.   

Propagation Measurement Error 

 In the present study we selected ADP to assess BV, DXA to estimate Mo, and 

deuterium dilution to estimate TBW. The propagation of measurement errors associated 

with the determination of BV, TBW, and Mo can be calculated by assuming that the 

squared technical errors of measurement (TEM
2
) are independent and additive (8). 

Accordingly, 

TEM = [TEM
2
 for effect of ADP on % FM + TEM

2
 for TBW % FM + TEM

2
 for 

Mo % BF]
 0.5                                                                                                                                                                       

(3)                                                           

using the above equation, 

TEM = [0.81
2
 + 0.34

2
 + 0.04

2
]
 0.5 

= 0.77 % FM from TEM values                    (4)                                                                     

From these calculations, the test-retest reliability in the present study was ~ 0.8% 

FM units.  

 

Dual energy X-ray absorptiometry (DXA) 

In Chapter 3 and 5, each subject had %FM, absolute FM, and FFM evaluated by 

DXA utilizing a whole body (QDR-1500, Hologic, Waltham, USA, pencil beam mode, 

software version 5.67 enhanced whole-body analyses) system. Following the 

protocol for DXA described by the manufacturer, a step phantom with six fields 

of acrylic and aluminum of varying thickness and known absorptive properties 

was scanned alongside each subject to serve as an external standard for the 

analysis of different tissue composition. The same lab technician positioned the 
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subjects, performed the scans and executed the analysis according to the 

operator’s manual using the standard analysis protocol.  

 

Air-Displacement Plethysmography (ADP) 

In Chapter 5, each subject also had %FM, absolute FM, and FFM evaluated by 

ADP (e.g. BOD POD, Life Measurement Incorporated, Concord, CA, USA, software 

version 1.68) according to manufacturer testing recommendations and guidelines. 

Details regarding the physical concepts and operational principles of ADP are reported 

elsewhere (3, 4). Briefly, each subject wore a swimsuit and cap provided by the 

laboratory while body mass was measured to the nearest 100 g by an electronic scale 

connected to the ADP computer. Next, the measured thoracic gas volume was 

calculated where: 

Thoracic gas volume = functional residual capacity + 0.5 tidal volume       (5) 

 

The measured thoracic gas volume was obtained in all subjects in the sample of 

Chapter 4.  

Alternatively, the BOD POD


 offers the ability to predict the VTG in cases where a 

measured thoracic gas volume is impossible (Chapter 5).  The predicted VTG was 

calculated where: 

VTG = functional residual capacity + 0.5 tidal volume         (6) 

 

The predicted VTG equation is calculated from Crapo et al. (9) equation and is 

based upon a functional residual capacity that is derived by the following equation 

developed for women:  
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Functional residual capacity (L) = 0.0472 x H + 0.009 x age – 5.290               (7)  

where H is height in centimeters and the ADP software calculates the tidal volume 

by using a constant of 0.7 L for women. The Crapo et al. (9) prediction VTG equations 

were developed from healthy adult male and female subjects between the ages of 17-91 

years, by using single breath helium dilution techniques .   

After the VTG was measured or predicted the corrected Vb was calculated and the 

subsequent total body density (Db), with %FM calculated utilizing the Siri equation 

(10): 

  ADP %fat = [(4.95/Bd) – 4.50] x 100         (8) 

 

Bioimpedance Analyser (BIA) 

In Chapter 3 of this thesis were used two single frequencies BIA, one foot-to-foot 

and the other one hand-to-hand to assess %FM, absolute FM and FFM. 

A single-frequency bioelectrical impedance analyzer, foot-to-foot, using four-

point tactile electrodes (TBF-101, TANITA Corp., Tokyo, Japan) was used. This device 

uses an alternating current (AC) of 500m A with a single frequency of 50 kHz. Since 

two tactile electrodes are built into each foot plate, the impedance can be measured by 

standing on the footplates with bare feet. This device measures the leg-to-leg impedance 

and weight, and can automatically display the %TBF using an inherent prediction 

equation. The fat free mass (FFM) is estimated from a multiple-regression equation 

using the independent variables of impedance, height, weight and age, and the fat mass 

is calculated by subtracting the FFM from the weight.  

In the hand-to-hand BIA method, bioimpedance between both hands was 

measured using a BF-300 (500 µA, 50 kHz) (Omron, Kyoto, Japan). The subjects held 

the device in both hands and straightened both arms forward. 
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With individual data (age, height, and weight) input, the fat-free mass (FFM) 

based on its own prediction equation and %BF were calculated. Subjects were measured 

in standing as the regular posture. 

 

Anthropometry 

All subjects were weighed to the nearest 0.01 kg wearing a bathing suit and 

without shoes on an electronic scale connected to the plethysmograph computer (BOD 

POD


, Life Measurement Instruments, Concord, CA, USA). Height was measured to 

the nearest 0.1 cm with a stadiometer (Seca, Hamburg, Germany). 

For results of Chapter 3 of this thesis, a trained researcher measured 

circumferences (waist, abdomen) according to the procedures of Lohman (11).  

For data analysis, the averages of the three measurements were considered. Based 

on 10 repetitions, the technical error of measurement (TEM) and intraclass coefficient 

of correlation (ICC) were respectively, 0.37 cm and 1.00 for the abdominal 

circumference measured between the appendix xifoideo and for the waist circumference 

measured at the umbilical level, 0.62 cm and 1.00. 

. The Trans & Weltman (12) formula was choused, after the measurement of 

circumferences, to estimate %BF considering that it was developed from overweight 

and obese subjects.  The equation for this measurement is as follows: 

            %FM  = 0.11077*ABCirc-0.17666*Ht+0.14354*Wt+51.03301             (9)             

where ABCirc is the mean abdominal circumference, [(AB1+AB2)/2], AB1 is the 

abdominal circumference measured between the appendix xifoideo and umbilical levels 

and AB2 is measured at the umbilical level, Ht is height (cm), and Wt is body weight 

(kg).  
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Statistical analysis 

Data analysis were carried out using the statistical program SPSS vs. 12.0 and 14.0 

(SPSS Inc., 2004). Statistical significance was set at p<0.05. 

Descriptive statistics including means ± SD was calculated for all outcome 

measurements in the three studies (Chapter 3, 4 and 5). Comparison of means was 

performed with t-tests. 

Multiple regressions analysis were used in Chapter 3, Chapter 4, and Chapter 5.  

In Chapter 3 and Chapter 5, agreement between methods was assessed with the 

Bland and Altman method (13) including the 95% confidence interval.  

In all body composition measurements, in addition to the coefficient of variation, 

the technical error was also used to calculate the precision of methods with the 

following equation (Σd
2
/2n)

1/2
, where d stands for the difference between repeated 

measurements and n is the number of paired repeated measurements.  
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