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Extracellular Water 

The bivariate correlations between variables evaluated in the entire sample are presented 

in Table 4.3. Weight and height were associated with age in males while for females only height 

was related with age. Older males and females were shorter than their younger counterparts and 

older males weighed less. 

 

Table 4.3. Bivariate correlations for the whole study group. 

            

              Females 

Males 

 

ECW (kg) Age (yrs) Weight (kg) Height (m) 

ECW (kg) 1 -0.044 0.741
a
 0.407

a
 

Age (yrs) -0.021 1 0.003 -0.358
a
 

Weight (kg) 0.710
a
 -0.126

b
 1 0.348

a
 

Height (m) 0.468
a
 -0.349

a
 0.559

a
 1 

ECW, extracellular water. 
a
 p<0.001; 

b
 p = 0.001 

 

The ECW model developed on the entire subject group is presented in Table 4.4. ECW 

was transformed using a logarithmic function (Log10) to normalize residuals and achieve similar 

variances. The model includes sex, weight, weight
2
, height, age, and race as explanatory 

variables. The overall Log10 ECW model adjusted R
2
 and SEE are 0.65 and 0.05 kg, respectively.  

The model includes significant race x age (p < 0.001) and race x weight (p < 0.001) 

interactions, and it is noteworthy that the coefficient for race x age was largest for the African 

American (AA) group (β = 0.001) as indicated in Table 4.4, compared to the other race groups 

(AA vs. Hispanic: race x age: p < 0.001; AA vs. Caucasian: race x age: p<0.001; AA vs. Asian: 

race x age: p = 0.001). The model also includes an age x height interaction (β = -0.004) (Table 

4.4).  
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Table 4.4. Log10ECW regression model
1
 for the whole group. 

Variables ββββ    SE P 

Intercept -0.195 0.103 0.059 

Sex (males) -0.041 0.011 <0.001 

Sex (females) 0   

Age (yrs) 0.006 0.002 0.001 

Weight (kg) 0.007 0.001 <0.001 

Weight
2 

(kg
2
) -0.00002 0.00001 <0.001 

Height (m) 0.390 0.060 <0.001 

Age x Height -0.004 0.001 0.001 

Sex x Age   <0.001 

     Male x Age  0.007 0.002 <0.001 

     Female x Age 0.006 0.002 0.001 

Age x Race   <0.001 

     AA x Age 0.0010 0.0002 <0.001 

     Asian x Age -0.0002 0.0002 0.426 

     Hispanic x Age -0.0002 0.0002 0.335 

     Caucasian x Age 0   

Weight x Race   <0.001 

     AA x Weight -0.0003 0.0001 0.024 

     Asian x Weight 0.0001 0.008 0.476 

     Caucasian x Weight 0.0003 0.006 0.058 

     Hispanics x Weight 0   

Abbreviations: AA, African American; β, regression coefficient; SE, Standard error.  
1
 R = 0.81; Adjusted R

2
 = 0.65; SEE (kg) = 0.05 kg 

 

The finding of race by age interactions in this sample led us to refine our analysis using 

only the DXA subgroup where we could replace crude body composition indicators, weight and 

height, with LST and fat mass as explanatory variables. After adjusting for LST, fat mass, race, 

and interactions, the relationships between ICW and E/I as separate dependent variables with age 

were also analyzed.  
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The bivariate relations between ECW, age, and body composition variables in the DXA 

subgroup are summarized in Table 4.5. Lean soft tissue and fat mass were associated with age in 

males and females. Older males and females had a smaller LST mass than their younger 

counterparts while a larger fat mass was present in the older males and females. 

Table 4.5. Bivariate correlations for the DXA subgroup. 

            

            Females 

Males 

ECW (kg) Age (yrs) LST (kg) FM (m) 

ECW (kg) 1 -0.035 0.765
a
 0.559

a
 

Age (yrs) 0.004 1 -0.253
a
 0.140

b
 

LST (kg) 0.689
a
 -0.384

a
 1 0.395

a
 

FM (m) 0.414
a
 0.226

a
 0.221

a
 1 

Abbreviations: ECW, extracellular water; FM, fat mass; LST, lean soft tissue. 
a
 p<0.001; 

b
 p = 0.001. 

 

An ECW model with fat and LST as body composition measures was developed and a 

significant sex x race x age interaction (p = 0.017) was detected that prompted us to develop 

separate models for males and females (Table 4.6).  ECW was log transformed (Log10) to 

achieve equal variance of residuals and 27 cases (2.7%) with outlying residuals were excluded 

during model development in order to achieve normality. 

The model for males presented in Table 4.6 had three significant explanatory variables, LST, fat 

mass, age x race (p<0.001) while for females an additional variable, LST x race, was also 

significant (p<0.001). More LST (males: β = 0.008, p<0.001; females, β = 0.010, p<0.001) and 

fat mass (males: β = 0.002, p<0.001; females, β = 0.002, p<0.001) are both associated with more 

ECW. Race and age were significant only in interactions with other variables hence their 

coefficients are not shown separately in the regression equation of Table 4.6. 
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Table 4.6. Log10ECW regression models for the DXA subgroup. 

Variables 

 

β SE P 

Males
1
    

Intercept 0.780 0.022 <0.001 

LST (kg) 0.008 0.0003 <0.001 

Fat (kg) 0.002 0.0003 <0.001 

Age x Race   <0.001 

     AA x Age 0.00123 0.0002 <0.001 

     Asian x Age 0.00083 0.0002 <0.001 

     Hispanic x Age 0.00120 0.0002 <0.001 

     Caucasian x Age 0.00094 0.0001 <0.001 

Females
2
    

Intercept 0.751 0.019 <0.001 

LST (kg) 0.010 0.0005 <0.001 

Fat (kg) 0.002 0.0002 <0.001 

Age x Race   <0.001 

     AA x Age 0.00073 0.0002 <0.001 

     Asian x Age 0.00019 0.0002 0.424 

     Hispanic x Age -0.00007 0.0002 0.717 

     Caucasian x Age 0.00067 0.0002 <0.001 

LST x Race   <0.001 

     AA x LST 0.0003 0.0003 0.298 

     Asian x LST 0.0009 0.0004 0.021 

     Hispanics x LST 0.0013 0.0003 <0.001 

     Caucasian x LST 0   

Abbreviations: AA, African American; β, regression coefficient; SE, Standard error,  
1
 R = 0.81; Adjusted R

2
 = 0.66; SEE (kg) = 0.04 kg. 

2
 R = 0.84; Adjusted R

2
 = 0.70; SEE (kg) = 0.04 kg. 

 

The largest age x race coefficient was seen in African American males, significantly 

larger than in Asians (AA vs. Asian, p = 0.007) although not significantly different from 

Caucasians or Hispanics (AA vs. Caucasian, p=0.019, n.s.; AA vs. Hispanic, p = 0.858, n.s.), as 
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indicated in Table 4.7. For females, as for males, the largest coefficient was for African 

Americans, significantly greater than Hispanics (AA vs. Hispanic, p = 0.002) although not 

significantly different from Asians or Caucasians (AA vs. Asian, p = 0.043 n.s.; AA vs. 

Caucasian, p = 0.298, n.s.). Race also moderated the relations between LST and ECW in the 

female groups. 

 

Table 4.7. Regression coefficients for age by race interactions in the DXA subgroup
#
. 

 

 

 AA HI CA AS Statistically 

Significant 

Differences* 

    AA       vs.   Other 

 

Males 

0.00123 

(0.0002) 

0.00120 

(0.0002) 

0.00094 

(0.0002) 

0.00083 

(0.0002) 

AA vs AS HI vs AS  

 

 ECW   

 

 

Females 

0.00073 

(0.0002) 

-0.00007 

(0.0002) 

0.00067 

(0.0002) 

0.00019 

(0.0002) 

AA vs HI HI vs CA 

 

Males 

-0.0017 

(0.0001) 

-0.0015 

(0.0001) 

-0.0014 

(0.0001) 

-0.0010 

(0.0001) 

AA vs AS  

AA vs CA 

HI vs AS  

 

 ICW    

Females 

-0.0015 

(0.0001) 

-0.0010 

(0.0001) 

-0.0009 

(0.0001) 

-0.0009 

(0.0002) 

AA vs AS 

AA vs CA 

AA vs HI 

 

 

Males 

0.0031 

(0.0003) 

0.0029 

(0.0003) 

0.0024 

(0.0003) 

0.0013 

(0.0004) 

AA vs AS HI vs AS  

 

 E/I    

Females 

0.0023 

(0.0003) 

0.0011 

(0.0003) 

0.0018 

(0.0003) 

0.0017 

(0.0004) 

AA vs HI  

Abbreviations: AA, African American; HI, Hispanic; CA, Caucasian; AS, Asian; ECW, extracellular water; ICW, 

Intracellular water; E/I, extracellular to intracellular water ratio. # Regression coefficients (±standard error) adjusted 

for all other significant factors in the model. All regression coefficients shown are significantly different from zero 

at p<0.001, except for Asian females ICW, p=0.021, and Asian and Hispanic females ECW, n.s. 

*Comparisons are different at p<0.05 using Schaffer’s Modified Sequentially Rejective Bonferroni multiple 

comparison test (Schaffer, 1987) 

  

 For illustrative purposes the associations between untransformed ECW and age adjusted 

for LST and fat mass for males, and LST, fat mass, and LST x race for females, are presented in 

Figure 4.1. Overall, a larger adjusted ECW is present with greater age in all of the sex/race 

groups except for female Hispanics. 
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Figure 4.1. Extracellular water (ECW), intracellular water (ICW), and ECW/ICW (E/I) adjusted 

for covariates versus age in females and males among the four race groups studied by DXA. The 

regression line for each race group is shown in the figure. The slopes were all significantly 

different from zero at p<0.05 or borderline significant at p<0.10, except for 3 non-significant 

(ECW, Hispanic females and Asian males; E/I, Asian males).  

 



CHAPTER 4                                                                                 EXTRACELLULAR WATER 

 89 

Intracellular Water 

ICW was log transformed (Log10) and 71 cases (7.1%) with outlying residuals were 

excluded during model development in order to meet model requirements for equal variance and 

normality of residuals.  

For males, the significant explanatory variables were race x age (p < 0.001), LST (p < 

0.001), race x LST (p = 0.006), and race x fat (p = 0.018), explaining 93 % of the total variance 

of log10ICW. For females, the variables significantly associated with log10 ICW were race x age 

(p = 0.002), age (p < 0.001), LST (p < 0.001), fat mass (p < 0.001), race (p < 0.001), and LST x 

fat mass (p < 0.001), explaining 86% of the total variance.  

The coefficients for males can be seen in Table 4.7. The negative association with age is 

greatest in AA males and is significantly greater than that of Asians and Caucasian but not 

Hispanics (AA vs. Hispanic: p=0.130, n.s.), as presented in Table 4.7. Similarly, a greater 

negative association is also seen in African American females, and the difference is significant 

compared to all the other race groups. Once again, for illustrative purposes the relationship 

between adjusted untransformed ICW and age for each race group is presented in Figure 4.1, for 

males and females. Overall, a smaller adjusted ICW is present with greater age across all the 

sex/race groups. 

Extracellular/Intracellular Water 

Because of unequal variances and non-normality of residuals, E/I was log transformed 

(Log10) and 5 cases (0.5%) with outlying residuals were excluded from model development. For 

males, the variables that were associated with the log10E/I were race x age (p < 0.001), age (p < 

0.001), fat mass (p < 0.001), and race x LST (p = 0.043) explaining 43.1 % of the total variance 

of log10 E/I. For females, the significant explanatory variables were race x age (p = 0.022), age (p 
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< 0.001), race x LST (p < 0.002), and LST x fat mass (p < 0.001), explaining 27.6% of the total 

variance. For males, the highest positive association between transformed E/I and age was in 

African American males and the difference reached statistical significance in the comparison 

with Asian men, as shown in Table 4.7.   

For females also, the largest positive association was seen in the African Americans 

although the comparison was statistically significant only with the Hispanics (Table 4.7). For 

illustrative purposes the relationship between adjusted untransformed E/I and age for each race 

group is presented in Figure 4.1. For males and females, a relative larger adjusted fluid 

distribution is present with greater age across the race groups, except for Asian males 
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DISCUSSION 

 Previous ECW studies had relatively small sample sizes with limited age and ethnic 

variation (7-12). In this study we assembled a large subject database, including males and 

females in four race groups, to explore ECW variation with age after controlling first for other 

influencing factors, including body weight and composition. We find that in analyses of ECW 

and E/I, AA consistently show the greatest increases with age, with the comparisons against 

other race groups often reaching statistical significance. The opposite is true for ICW; 

consistently greater decreases with age are seen in AA men and women. 

Our initial transformed ECW models suggested a small (< 1 kg) but significantly larger 

ECW in males and smaller ECW in females after adjusting for body weight and other covariates. 

When we expanded our analysis to include DXA-measured LST and fat mass, replacing body 

weight in the ECW regression models, the results were more consistent across males and 

females: greater age was generally associated with a significantly larger ECW after controlling 

for covariates. Race, however, moderated the relation between ECW and age such that one of the 

most significant age-associated effects on ECW was observed in African Americans. Similar 

developed models revealed a smaller ICW and larger E/I with greater age. Thus, even after 

controlling for LST and fat mass, there were differences in fluid compartment volumes and 

distribution across the adult lifespan in this cross-sectional sample of healthy adults.  

ECW and Fluid Distribution 

Sex and Age Effects 

Several investigators, using different ECW markers, report that ECW relative to body 

weight is similar in males and females (7-12). Our findings, however, indicate that factors other 
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than body weight may also influence ECW and account for sex differences in fluid distribution. 

Notably, males had a smaller LST slope than females in the body composition ECW regression 

model presented in Table 4.6. In the regression on untransformed ECW values (not shown), 

these slopes (0.35 and 0.43) are nearly identical to the ECW content of LST for the male (i.e., 

0.36) and female (i.e., 0.42) groups (Table 4.2).  In contrast, the untransformed slopes for fat 

mass observed in the ECW model for males and females were nearly identical. Absolute ECW is 

larger in males who in general have a greater LST mass compared to females, with LST 

accounting for over 53.3 % and 61.1 % of the amount of transformed ECW present, respectively 

for males and females, according to our developed models.  

However, LST is not a homogenous compartment when considered from the tissue-organ 

body composition level (30). Fat-free skeletal muscle, adipose tissue, liver, and kidney, for 

example, have respective ECW/LST and E/Is of 0.28/0.58, 0.10/2.0, 0.31/0.76, and 0.45/1.4 (31). 

Thus, the slopes of FM in our untransformed models (data not shown, ~0.08-0.09) are very close 

to the fraction of ECW in adipose tissue of 0.10. The slope of the LST term in our models may 

reflect the integrated ECW fraction for all non-fat organs and tissues; as males have a larger 

fraction of LST as skeletal muscle (30)compared to females, this may account for the smaller 

LST slope in males compared to females.  

With respect to age, previous results based on small samples, variable measurement 

methods, and different methods for size-adjusting fluid volumes are conflicting (9, 32, 33). The 

findings of the present study indicate that multiple factors and their interactions are associated 

with the volume of ECW present and may account for the variable observations reported earlier. 

Since aging is associated with absolute and relative loss of skeletal muscle and enlargement of 

the adipose tissue compartment (34, 35), ECW adjusted for body mass would be expected to 
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remain the same or be smaller with greater age depending on the magnitude of senescence body 

composition effects. Moreover, as the fraction of LST as skeletal muscle is smaller with greater 

age (30), this may in part account for the larger observed ECW even after controlling for LST in 

older subjects. That is, as noted earlier, skeletal muscle has a small ECW compared to other 

tissues and organs. With age-related muscle cell atrophy the fraction of LST as ECW thus would 

be expected to increase. This hypothesis is consistent with the current study observations. 

Race Effects 

An unanticipated finding in our study was the detection of clear race differences in the 

association of ECW with age. Our models using transformed ECW indicate a 6.7 % and 3.4 % 

larger ECW in older African Americans compared to younger males and females, respectively, 

after adjusting for other influences. Race differences were also evident in ICW and E/I models. 

MacFarlane et al. (36) also noted that their estimates of TBW in Bantu miners were higher than 

those reported in the literature for Europeans. Raman et al. (37) likewise found a higher TBW in 

elderly male and female African-Americans.  

The basis for a larger increment in ECW with greater age in African Americans is 

unknown, although two potential groups of mechanisms should be considered. First, African 

Americans reportedly have a larger skeletal muscle mass than Caucasians after controlling for 

age, weight, height, and fat-free mass (38-40). As noted earlier, a larger skeletal muscle mass 

after adjusting for LST and fat would be associated with a smaller ECW. This prediction is 

accurate for young subjects: African American males and females both had the lowest adjusted 

ECW at age ~20 yrs. However, African Americans also had the largest increment in adjusted 

ECW with age among the four race groups. If this line of reasoning is correct, our findings 

suggest African Americans experience a greater senescence-related lowering of skeletal muscle 
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mass across the adult lifespan compared to other race groups. This hypothesis requires testing 

using appropriate methods in large and carefully evaluated samples as in the present report. 

The second potential mechanistic basis for the observed race-related ECW differences 

involves physiologic processes mediating fluid balance. One empirical observation is that race 

differences are present in the prevalence of high blood pressure (41). Freis et al. (42) reported 

that >50% of African Americans with high blood pressure are sensitive to salt intake and that the 

prevalence of diuretic-sensitive hypertension approaches 75%. Salt-sensitive hypertension may 

be a manifestation of expanded extracellular fluid and blood volumes. According to Weir and 

colleagues (43), African Americans have an impaired ability to excrete a salt load and develop a 

higher arterial pressure as a necessary physiologic response to enhance natriuresis. Campese et 

al. (44) demonstrated slow salt excretion in hypertensive African American after a dietary salt 

load. Chrysant et al. (45) report that African Americans are more likely than Caucasians and 

other non-black hypertensive patients to have markedly low plasma renin activity. Our 

observation of a relatively large ECW and E/I in both African American males and females, 

notably with greater age, are synchronous with and extend these earlier observations. 

 

Study Limitations 

There are several limitations of the current study. First, our investigation was cross-

sectional and, ideally, age-related inferences should be based on longitudinal data. Second, we 

identified patients with high blood pressure by history and with a screening physical 

examination. However, our clinical blood pressure measurements were not sufficiently accurate 

and standardized to directly explore the associations between ECW and blood pressure. Also, 

other variables, including diet and exercise habits, and weight loss (46), could have occurred at 
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different rates in the race/ethnic groups and may have contributed to the observed differences 

seen with aging. Our findings should however prove useful in guiding future research and 

experimental design. 

 

CONCLUSION 

 In the present study we applied multiple regression modeling methods to evaluate ECW 

variation with age. Our findings in general show that ECW, particularly E/I, is larger, and ICW is 

smaller, with greater age after adjusting for race and body composition. We propose age-related 

tissue-organ body composition differences as one potential explanation for these observations. 

We also observed significant differences in the fluid distribution-age relations among race 

groups, with the largest age-related differences observed in African American subjects. Finally, 

the underlying mechanisms of age and race-related differences in ECW are worthy of future 

investigation. 
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