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”To me it seems that those sciences are vain and full of errors which are not born of experience, mother of 
all certainty, first hand experience which in its origins, or means, or end has passed through one of the five 

senses.” 
 Leonardo da Vinci 
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A detailed review of the methods used throughout the present dissertation is 

presented in this chapter organized according to the five-level model (1). 

 

Atomic Level 

Total Body Potassium (TBK). Total body Potassium was estimated from the 

measured 1.46 MeV γ-ray decay of naturally occurring 40K as TBK = 40K/0.000118 

(2). Naturally-occurring 40K was determined using the Brookhaven National Laboratory 

BNL whole-body counter which has a between-measurement coefficient of variation 

(CV) of 1% (3, 4). This method was used in Chapter 3, Chapter 4 and Chapter 5. 

Total body nitrogen, calcium, sodium, and chlorine (TBN, TBCa, TBNa, 

TBCl). These elements were quantified using the in vivo neutron activation analysis 

facilities at BNL, which was used in Chapter 3 (3, 5). Nitrogen was measured with ~3.5 

MeV neutrons provided by the prompt-γ system from a collimated 238PuBe source 

positioned beneath the recumbent subject. Sodium iodide detectors quantify produced 

γ rays, H at 2.223 MeV and N at 10.83 MeV. Hydrogen is used as an internal standard to 

estimate TBN. The CV for repeated phantom measurements is 2.8% for TBN (5). The 

BNL delayed-γ neutron activation system was used to measure TBCa, TBNa, and TBCl 

(5). Fast neutrons of ~3.5 MeV are produced with 14 encapsulated 238PuBe sources 

positioned below and above the recumbent subject resting inside the irradiation chamber. 

The subject is irradiated with fast neutrons for five minutes and then moved to a counting 

area where the following reactions are monitored for TBCa, TBNa, and TBCl: 48Ca + n 

→ 
49Ca*→

49Ca + γ (3.10 MeV); 23Na + n → 
24Na* →24Na + γ (2.75 MeV); and 37Cl + n 

→ 
38Cl*→ 

38Cl + γ (2.17MeV).  



CHAPTER 2                                                                                                       METHODS 

 36 

The CV’s for repeated phantom measurements of TBCa, TBNa, and TBCl are 

1.5%, 1.6%, and 1.7%, respectively (6).  

 

Molecular Level 

Total Body Water. In Chapter 3, Chapter 4, and Chapter 5, deuterium (2H2O, 

L) and tritium dilution (3H2O, L) volumes were measured with a coefficient of variation 

(CV) of 1.5% and 2.0%, respectively. The dilution volumes were then used to calculate 

TBW as reported by Schoeller (7).  Specifically, both dilution volumes were converted to 

water mass assuming an average body temperature of 36º C. Based on delta SMOW 

(standard mean ocean water), TBW was estimated by Schoeller et al. method(8), 

including a 4% correction due to the recognized amount corresponding to deuterium 

dilution in other compartments. The tritium dilution space was also adjusted for proton 

exchange by assuming actual water volume is 96% of the measured isotope distribution 

volume. In Chapter 6, TBW was assessed using deuterium dilution (2H2O, L) with a CV 

of 1.3%. 

Extracellular and Intracellular Water.  Potassium is mainly present in ICW and 

ECW at stable concentrations of 4 and 152 mmol/kg H2O, respectively (9, 10). The ICW 

mass can be derived from TBK and TBW as: 

TBK = 152 x ICW + 4 x ECW                                                                           (1) 

TBW = ICW + ECW                                                                                          (2) 

where TBK and TBW are in mmol and kg, respectively. Resolving these two 

simultaneous equations, ICW and ECW mass can be calculated from measured TBK and 

TBW as: 
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 ICW = (TBK – 4 x TBW)/148                                                                           (3) 

 ECW = (152 x TBW – TBK)/148                                                                      (4) 

Dual Energy X-Ray absorptiometry. To estimate BMC, FM, and LST in Chapter 

3, a total body scanner (Lunar DPX with software version 3.6, Madison, WI). In Chapter 

4, the LST and FM compartments were measured using a series of pencil-beam dual 

photon systems and related software manufactured by GE Lunar Corporation (Madison, 

WI). Body composition data collected on different DXA systems was translated to 

common values with cross calibration equations using the procedure reported by Russell-

Aulet et al. (11). For Chapter 6 and Chapter 7, whole-body scans were performed with 

a Hologic DXA instrument (QDR-1500, Hologic, Waltham, USA, pencil beam mode, 

software version 5.67 enhanced whole body analysis) that measured the attenuation of x-

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

of the scanned image. 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 DXA system software first divides 

pixels into bone mineral content (BMC) and soft tissue compartments. Soft tissue is then 

further separated by system software into fat-free soft tissue and fat. The bone mineral 

content measured by DXA represents ashed bone. One gram of bone mineral yields 

0.9582 g bone ash because labile components such as bound water and carbon dioxide 

are lost during heating (12). Bone mineral was therefore converted to total body bone 

mineral (Mo = BMC/0.9582) (13). The same lab technician positioned the subjects, 

performed the scans and executed the analysis according to the operator's manual using 
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the standard analysis protocol. The precision of the Lunar DXA system used is 1.3% for 

bone mineral, while for the Hologic DXA the precision for BMC is 1.6 %, for FM is 2.9 

% and for LST is 1.7 %. 

Total-body Soft Mineral. In vivo neutron activation analysis was the reference 

method used in Chapter 3 to assess this component by estimating TBK, TBNa, TBCl, 

and TBCa (all in kg) (13, 14). Subsequently, the elements are incorporated in the 

following equation,  

Ms = 2.76 × TBK + TBNa + 1.43 × TBCl − 0.038 × TBCa                             (5) 

In Chapter 6, this method was not available and total-body soft mineral 

component was assessed using the simplified model developed by Wang and colleagues 

(15): 

Ms (kg) = 0.0129 x TBW                                                                                   (6) 

where Ms is total-body soft mineral in kg and TBW is total body water in kg. 

Five-component model. A multi-compartmental model, the 5C molecular model, 

developed by Wang et al (15) was used in Chapter 6 as the reference method to assess 

FM. Rather than a single total mineral component, this 5-component model accounts for 

both the mineral and soft mineral components (15). Accordingly, FM was assessed with 

the following equation: 

FM (kg)=2.748×BV - 0.715×TBW + 1.129×Mo + 1.222xMs - 2.051×BM      (7) 

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

mineral (kg), Ms is total-body soft tissue mineral (kg) and BM is body mass (kg). 
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Whole-body Level 

Body volume by underwater weighing. Body mass during submersion was 

recorded by a platform force transducers during a 5-s maximal expiration. After a series  

of practice trials, 10 runs were performed and the density results were averaged. 

Corrections in density were made for residual lung volume by using a closed-circuit 

oxygen-dilution system described by Wilmore (16). Residual volume was measured 

immediately after the underwater weighing procedure. The between-day coefficient of 

variation (CV) for body volume technique is 1.7% body fat on the basis of repeated 

studies in five weight stable individuals. This technique was used in Chapter 3. 

Body volume by Air Displacement Plethysmography. Details regarding the 

physical concepts and operational principles of ADP are reported by Dempster et al. (17) 

and McCrory et al. (18).  Subjects were clothed in a bathing suit and acrylic bathing cap 

and body mass was then measured to the nearest 0.01 kg using the ADP system’s 

electronic scale. Prior to subject evaluation, a two-point chamber calibration was 

performed using the empty chamber and a 50.01281 L calibration cylinder. Two trials 

were then performed on each subject and the measured subject volumes were averaged if 

they were within 150 ml or 0.2%, whichever was larger (17). If the measurements did not 

meet the reproducibility criteria, a third trial was performed and the closest two values 

were averaged. If none of the three volume measurements were within 150 ml (or 0.2%) 

of each other, then the system was recalibrated and the test was repeated. The subject’s 

thoracic gas volume (VTG) was estimated using the BOD POD® breathing circuit system 

(17). The subject was connected to the breathing circuit housed in the rear chamber via a 

disposable filtered tube and the subject was then instructed to breathe normally until to 
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the moment the system induced an airway occlusion. Thoracic gas volume was then 

calculated during occlusion where subjects were instructed to puff gently.  Final body 

volume was computed based on the initial body volume corrected for VTG and a surface 

area artifact. All measurements were conducted with the BOD POD software version 

1.68. Based on 10 repetitions, the technical error of measurement (TEM) and the 

coefficient of variation (CV) for BV were 0.17 L and 0.50%, respectively. This technique 

was used in Chapter 6. 

 

Statistical analysis 

In all the following chapters, analyses were carried out using the statistical 

program SPSS vs. 11.5 and 12.0 (SPSS Inc., 2002). Statistical significance was set at 

p<0.05. 

Comparison of means was performed across the five studies using t-test while 

one-way ANOVA was used in Chapter 3, Chapter 4, and Chapter 5. Scheffé’s 

adjustment for multiple comparisons was made if variances were equal. Otherwise, 

Dunnett's T3’s adjustment was used if variances were not equal (p < 0.05). 

Simple linear correlations were performed in Chapter 3, Chapter 4, Chapter 6¸ 

and Chapter 7.  

Multiple regression analysis to develop prediction equations was used in all the 

chapters, except Chapter 5, where quantile regression was used to identify five 

percentile levels (10th, 25th, 50th, 75th, 90th).  
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During model development, homogeneity of variance and normality of residuals 

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

variable was transformed using a logarithmic function (Log10).  

Quantile regression was carried out by programming an appropriate loss function 

in the nonlinear regression option of SPSS. The significance of each variable in the 

quantile regression was tested by the logistic regression method recently described in 

Redden et al. (19). 

In Chapter 4, following a significant F test for age by race interaction, 

comparisons of age beta coefficients among races was made using the Schaffer 

modification of Holm’s step-down multiple comparison procedure to protect against 

inflation of type 1 error (20, 21).  

In Chapter 6, the pure error (PE) was assessed using the following equation 

(Σ(Ÿ-Y)2/n)1/2, where Y is the observed values and n is the number of subjects (22).  

In Chapter 6 and Chapter 7, agreement between methods was assessed with the 

Bland and Altman method (23) including the 95% confidence interval.  

In Chapter 6 in addition to the coefficient of variation calculated in all the 

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

following equation (Σd2/2n)1/2, where d stands for the difference between repeated 

measurements and n is the number of paired repeated measurements.  

Finally, in Chapter 7 internal cross-validation was performed using the PRESS 

statistics method (24). The PRESS statistic is a bootstrap technique that measures how 

well an equation performs when applied to independent samples. 
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