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ABSTRACT 

 Aging is associated with the onset of chronic diseases that lead to pathological 

expansion of the extracellular water (ECW) compartment. Healthy aging, in the absence 

of disease, is also reportedly accompanied by a relative expansion of the ECW 

compartment, although the studies upon which this observation is based are few in 

number, applied different ECW measurement methods, included small ethnically-

homogeneous subject samples, and failed to adjust ECW for non-age related influencing 

factors. The aim of the current study was to examine, in a large (n=1538) ethnically 

diverse [African-American (AA), Asian, Caucasian, Hispanic] subject group the cross-

sectional relationships between ECW and age after controlling first for other potential 

factors that may influence fluid distribution. ECW and intracellular water (ICW) were 

derived from measured total body water (TBW; isotope dilution) and potassium (TBK; 
40

K whole-body counting). The cross-sectional relationships between ECW, intracellular 

water (ICW), and ECW/ICW (E/I) and age were developed using multiple regression 

modelling methods. Body weight, weight
2
, height, age, sex, race, and interactions were 

all significant ECW predictors. The slope of the observed race x age interaction was 

significantly greater in AA (β = 0.0005, p = 0.005) than in the three other race groups. 

Race, sex, and age differences in fluid distribution persisted after adjusting for body 

composition in a subgroup (n=994) with dual-energy x-ray absorptiometry lean soft 

tissue and fat measurements. A relative ECW expansion (i.e., E/I) was present with 

greater age in most sex-race groups, though the effect was not significantly larger in AA 

males (p>0.05) compared to the other race groups, except Asians (p<0.05). For females, a 

larger E/I -age effect was found in AA compared to the other race groups but only the 

comparison against Hispanics was significant (p<0.05). The ECW compartment and E/I 

are thus variably larger, according to race, in healthy older subjects independent of sex, 

lean soft tissue, and fat mass. 
 
 

1
"All solutions generate new problems" 

Murphy's Law 

                                                 
21
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INTRODUCTION 

Extracellular water (ECW) is a large and clinically important body compartment 

that varies widely in volume both in health and disease (1-6). The relations between ECW 

and age have been studied over the past several decades and a general pattern is 

recognized (7-12). Extracellular water, when expressed as a ratio to body weight, 

intracellular water (ICW), or fat-free mass (FFM), is maximum in early life, reaches a 

nadir in the early adult years, and again increases in old age (13, 14). This pattern of 

ECW variation throughout life is constructed from multiple studies using relatively small 

subject groups, mainly Caucasians, and different methods of measuring and expressing 

ECW (7-12). Factors in addition to age, such as weight and stature, also influence ECW 

(7-12) and usually were not accounted for when examining associations with age. 

 Aging is associated with the onset of chronic diseases such as congestive heart 

failure (15, 16), renal insufficiency (17, 18), and other states associated with absolute or 

relative ECW expansion. Appropriate interpretation of ECW in these conditions requires 

normative values adjusted for age, weight, and the other recognized factors that influence 

fluid status. This information is currently lacking in a large healthy group of subjects 

varying widely in age. 

 The primary aim of the current study was to establish, in an ethnically mixed 

subject group, the cross-sectional relationships between ECW and age, after controlling 

first for other influencing factors.  
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METHODS 

Protocol and Subjects 

Subjects were a convenience sample of healthy adults participating in other 

unrelated investigations. Additional details of the study group are provided in references 

(19, 20). Four race groups were identified using self-report, African American, Asian, 

Caucasian, and Hispanic. Classification into racial groups required similar parent and 

grandparent race. Subjects with a history of high blood pressure and/or under medication 

treatment for high blood pressure were excluded. Body composition studies were carried 

out over a single day after a screening health examination established that the subject was 

in good health. 

There were three main evaluations: total body potassium (TBK) was measured by 

whole-body 
40

K counting; total body water (TBW) was measured by deuterium or tritium 

dilution; and lean soft tissue (LST) and fat mass (FM) were estimated in a subgroup of 

the sample by dual-energy x-ray absorptiometry (DXA). Total body water and TBK were 

used to calculate ECW and intracellular water (ICW). Each subject performed all of the 

measurements at the Body Composition Unit of St. Luke’s-Roosevelt Hospital in New 

York City.  

In order to fully develop the cross-sectional relations between ECW and age, 

separate models were prepared for ECW, ICW, and ECW/ICW (E/I).  
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The Institutional Review Board of St. Luke’s-Roosevelt Hospital approved the 

investigation.  

 

Body Composition Measurements 

Total Body Water. Deuterium (
2
H2O, L) and tritium dilution (

3
H2O, 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 (21).  

Specifically, both dilution volumes were converted to water mass assuming an average 

body temperature of 36
0 

C. The tritium dilution space was also adjusted for proton 

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

volume. 

Total Body Potassium. Total body potassium was estimated from the measured 

1.46 MeV γ-ray decay of naturally occurring 
40

K as TBK = 
40

K/0.000118 (22). The 

subject’s 
40

K was determined by counting for 9 minutes in a 4π whole-body counter (22). 

The raw count is corrected for body mass as described in Pierson et al. (23). This system 

has a between-measurement CV of 1.5%. 

 Lean Soft Tissue and Fat Mass. 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. (24).  
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Calculations and Statistical Methods 

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

ECW at stable concentrations of 4 and 152 mmol/kg H2O, respectively (25). The ICW 

mass can be derived from TBK and TBW (26, 27) 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: 

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

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

Statistical Methods. All group results are expressed as the mean and standard 

deviation. Analyses were carried out using the statistical program SPSS v12.0 (SPSS Inc., 

2003). P < 0.05 was considered significant for individual tests and for the overall 

protection level against type 1 error when multiple comparisons were made. In the tables 

of baseline characteristics, one-way ANOVA was used to compare unadjusted ECW 

across race groups within each sex. 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). Independent sample t-tests were used to compare 

ECW values between males and females. 

The main focus was to examine the associations between ECW and age, 

independent of other influencing factors. Multiple regression analysis was applied to 

investigate the associations of ECW with recognized influencing factors, including sex, 
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race, age, height, weight, age
2
, height

2
, weight

2
, and 2- and 3-way interactions. Variables 

or interactions making no significant contribution were eliminated from the final model. 

If there was no sex x race interaction for each sex and race group, the associations 

between age and ECW adjusted for weight, height, and other covariates were calculated 

and plotted separately. Following a significant F test for age by race interaction, 

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

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

inflation of type 1 error (28, 29)}. P-values that failed to reach significance by this 

procedure are designated n.s.; otherwise, all p values presented in race comparisons 

exceed the multiple comparison threshold of p<0.05. 

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). In all cases this brought 

the models into, or close to, compliance with the assumptions of multiple linear 

regression models. In addition, in some models a small number of cases with outlying 

residuals were excluded during model development in order to achieve normality of the 

residuals.  Neither the transformation nor the deletion of cases with outlying residuals 

resulted in significant changes to the results and conclusions. 

 Data from the subgroup of cases with DXA body composition measurements was 

used to expand the model building and data explorations by adding LST and FM as 

potential ECW and fluid distribution explanatory variables. These additional models were 

developed after observing significant age x race interactions in the first phase of this 

investigation, which used only weight and height as body composition indicators. In this 
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second phase, multiple regression models with ECW, ICW, and E/I as separate dependent 

variables were developed with LST, FM, age, sex, race, and interactions as potential 

explanatory variables. Variables not making significant contributions to the model were 

excluded from further consideration. Because a significant sex x race interaction was 

detected, separate models were developed for males and females to simplify 

interpretation. Male and female adjusted ECW values were then plotted separately 

against age for each race group. Adjusted values were calculated by adding the group 

mean value to the residuals after completing the regression analysis. 
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 RESULTS 

Subject Characteristics 

 The characteristics of the total subject group are summarized in Table 4.1. The 

characteristics of subjects who also had DXA measurements are summarized in Table 

4.2. In general, both the main study group and DXA subgroup were similar in age (~50 

yrs) and body mass index (~25 kg/m
2
). 

 

 

 

 

 

 

 


