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ABSTRACT
Age-related changes in the proportions of intracellular or extracellular water to total body water, and in theratio

of total body water to fat-free mass are debatable. These are important issues both for medical reasons
(dehydration is athreat in the diseased elderly), and for methodological reasons (most techniques for assessing
of body composition assume constant hydration of the fat-free mass). This study compared hydration in young
and elderly (> 60 yrs) people. In the first part of the study, we analyzed the literature, and computed the ratio of
total body water over fat-free mass, Hf. Eligible studies involved independent measurements of fat-free mass
and total body water. Hf does not appear to change with age. The second part of this study computed Hf in 103
individuals studied in our own laboratory. The mean values were not different in young (73.2+2.4%) and in
elderly people (73.4£2.4%). At al ages, the proportion of intracellular or extracellular water (as measured by
bromide dilution) to total body water (as measured by oxygen 18 dilution) was similar. The same finding holds
for the proportion of intracellular water to fat-free mass.

We conclude that hydration of fat-free mass and cellular hydration are not affected in healthy aging.
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INTRODUCTION

Natural aging is associated with well-known changes in body composition, as has been established from
both cross-sectional (1) and longitudinal studies (2). Briefly, with age fat-free mass (FFM), i.e. the sum of
muscle mass, bone mass, and organs decreases. At the same time fat mass increases, both in absolute values and
relative to weight.

Fat-free mass is mainly composed of water, probably around 73% per weight. Therefore, it is expected
that total body water (TBW) decreases with natural aging. However, at the whole-body level, TBW can be
separated in intracellular water (ICW) and extracellular (ECW) water. Whether the relative proportions of ICW
and ECW are altered by age is still debated (3). The hydration of FFM, that can be considered as an indicator of
cellular hydration, is defined as the ratio of TBW over FFM. Whether hydration of fat-free mass changes with
age is uncertain. On the one hand, Visser et a (4) studying many individuals showed that the mean value was
the same for adults and healthy elderly people. On the other hand, if there was a change in either ICW, or ECW,
or both, independent of the changesin FFM, cellular hydration would be altered, asis the case in many diseases
(5). This point is not only an academic discussion. Firstly, diseased elderly people are prone to dehydration, the
consequences of which on mortality and morbidity are well recognized (6). It could be hypothized that a
chronic state of minor cellular dehydration would predispose the elderly to dehydration. Secondly, the
hydration of fat-free mass is a key factor in most techniques for assessing body composition. Siri’s (7)
eguations that are used to calculate % fat from body density (either measured by underwater weighing or
estimated from skinfold thicknesses) rely on a 72% hydration of fat-free mass. Furthermore, any calculation of
FFM from measured TBW is directly related to the hydration of fat-free mass. The influence of this hydration
factor (Hf) in measurements acquired with dual-x-ray-absorptiometry is still problematic. Only the state-of-the-
art five-compartment model is not affected by Hf (8). However, this approach is not available in routine
practice.

Therefore, the aim of the present study was to assess whether hydration of FFM and cellular hydration are
affected by natural aging.

METHODS
1 - Evaluation of the hydration of FFM in published studies

Siri’s 3-compartment model (C3, 7) can be used to calculate % fat from body density (Db), total body

water, and weight (equation 1 : where w is the water fraction of body mass : TBW/weight) :

%faty,=100 (2.1176/Dp-0.78w-1.351) (Eq 1).

Siri's four-compartment (C4) model is a partition of body mass as fat, water, minerals, and solids. It requires an
estimate of the mineral fraction of body mass (m), and uses equation 2 :

%fat gwm=100 (2.747/Dp — 0.714 w + 1.146 m — 2.0503) (Eq2).

Db in equation 1 and 2 was either measured by underwater weighing or estimated from skinfold thicknesses (9).
These models make no assumption about the hydration of fat-free mass. Therefore, FFM (body weight minus
fat mass) is first calculated, and then the ratio TBW/FFM (hence Hf).The literature was searched. Only articles



providing data on healthy non obese adults or elderly volunteers and with independent measurements of FFM
and TBW were considered (17 articles). Five more papers had FFM data acquired with dual x-ray
absorptiometry (DXA see below). Data on total body water were considered only if the measurements were
made using the dilution principle. The tracers were D,0, *H,0, or H,™0. FFM values were taken from the
article where available or were recalculated with C3 and C4 models.

Another model uses DXA measurements of bone, fat-free mass, and fat-mass. It qualifies for an estimate
of Hf since body composition measurements appear to be independent of hydration (10, 11). Furthermore, as
DXA becomes a "routine’ means for measuring body composition, we felt appropriate to use it in
computations.

The five-compartment model (C5) was described in details by Wang et a (8) where measurements are
taken by in vitro neutron activation analysis (IVNAA). Although this equipment is rarely available, it is the
most comprehensive means for measuring body composition in combination with TBW measurements.

2 — Hydration of FFM and water compartments in the study participants

2.1: Participants. Data from the 103 people whom we studied were computed. All participants were
healthy non-obese volunteers ; measurements of both TBW and skinfold thicknesses were taken for adjusting
the parameters of energy or protein metabolism. Where studies involved an intervention (such as diet, exercise)
the baseline data only were considered. All studies were approved by the local medical school’s ethical
committee. The participants were separated in 68 healthy elderly people and 35 adults. Table 1 gives their
physical characteristics.

2.2 : Body composition measurements. Body weight was measured to the nearest 0.1 kg on a SECA 709
scale (SECA, Les Mureaux France). TBW was measured with the H,™0O dilution technique (12). ECW was
determined with the bromide technique (12, 13). Skinfold thicknesses were measured by the same investigator
with a Harpenden calliper at the 4 classical sites following Durnin and Womerdley (9). Dy, was calculated using
equations derived by Durnin and Womerdley (9). Siri's C3 model (7) was used to calculate %fat with equation 1
(cf above).

3 — Statistical methods

The results are expressed as means and SDs. People were separated according to their sex and their age :
young meant individual ages < 60y ; elderly meant ages > 60y. The same criteria were applied to data obtained
from the literature ; young and elderly refer to the mean age for the group. For values taken or calculated from
datain the literature, "grand mean" values were computed by weighing the means for the group by the number
of participants. For data acquired in this laboratory mean values for the different categories were compared
using analysis of variance. Statistical significance was accepted at the 5 % level. Statistical calculations were
performed with Statview 4 package (Abacus Concept Inc, Ca). Since TBW differed between age groups, a
straightforward comparison of ECW or ICW in absolute values (kg) between them does not convey enough
information. Therefore, it was necessary to compare ECW or ICW in relative termsto TBW, or to FFM. Such a

comparison was made by analysis of covariance (14). Firstly the slopes of the regression lines for each group



were compared. Then, for those that were not different, the elevations or adjusted means for each group were
compared.

RESULTS

1.Results from the literature survey : Table 2 displays the Hf values that were either collected from the articles or calculated from data
in them. The mean values ranged from 68.7 to 73.6% with Siri's C3 model ; from 72.3 to 73.7% with Siri's C4 model ; from 70.5 to
75.1% with the DXA model ; and from 71.1 to 73.9% with the IVNAA C5 model. The "grand mean" values calculated with Siri’s C3
model appear to be similar in young (72.7%, n=292) and elderly people (72.5%, n=360), but may be slightly lower in men than in

women (Table 2). The values obtained with Siri’s C3 and C4 models were very close to each other and to those obtained with the C5
model (Table 3). Mazagieros et al (15) gave values obtained with the C5 and C3 models from the same participants that are in good
agreement (Table 2). The DXA model "grand mean" values for Hf were consistently higher than values obtained with any other
model. Excluding the data obtained with DXA model (n=823, Hf = 74.0%) the "grand mean" value obtained by combining the other
models was 72.5% (n=919).

2. Results obtained on the study subjects: The mean Hf for the 103 individuals was 73.4+2.4%, ranging from
67.0 to 79.5%. This value was not statisticaly different from the classical 73.2% published by Sheng and
Huggins (16). Further, the Hf value was not different between young (73.2+2.4) and elderly people (73.4+2.4,
P=0.9).

Expressed in absolute values (kg) TBW, ECW, and ICW were higher in the young than in the elderly
(Table 1). Figure 1 displays the ECW (panel A) and ICW (panel B) in values relative to TBW. It shows that : i)
both ECW and ICW are correlated with TBW, ii) the slopes of the regression lines do not differ between groups
both for ECW and ICW, and iii) the adjusted means do not differ significantly. Figure 2 displays ICW in values
relative to FFM, and shows that the two were correlated in both age groups. Neither the slope nor the adjusted

mean were significantly different between young and elderly persons.
DISCUSSION

The present study suggests that both the hydration of fat-free mass and the relative proportions of the
water compartments are not affected in healthy aging. The main result concerns the hydration of FFM, directly
measured by ICW. Direct measurement was necessary because of the known age-related changes in body
composition. Since it is established that FFM, mainly in the form of muscle tissues, declines with age it was
expected that both TBW and ICW aso will decrease. The question is whether the proportion of TBW or ICW
to FFM remains the same throughout the aging process. A relative increase in ECW in elderly subjects has been
described (3). Therefore, we might consider that opposing changes in ICW and ECW would cancel each other
out. Hence, TBW in the ratio TBW over FFM is subject to complex influences and may not reflect cellular
hydration. The results reported on the healthy elderly people studied here show that TBW, ICW, and ECW
decreased with age. However, we established that the proportion of ICW or ECW relative to TBW was similar
in young and elderly people by analyzing covariance which is the most sensitive technique for comparing
proportion when TBW differs between age groups (17). Having demonstrated that relative to TBW, ICW is
similar between age groups, it remained to be shown that this also is the case relative to FFM. We chose the
Siri’s 3-compartment assessment of fat mass because it makes no assumption about hydration. Body density
was estimated from skinfold thicknesses (9). This technique, which relates subcutaneous fat thickness to body



density, has been validated for the age range of 18-72 yrs. Therefore, the present study strongly suggests that
theratio of ICW over FFM, i.e., the cellular hydration within FFM is not affected by age. This finding is
associated with a demonstrated constancy of the TBW over FFM ratio. Analysis of published values confirm
this result. We believe that these data are valid because great care was taken to calculate FFM with models
making no assumptions about the hydration of FFM : Siri’s 3 and 4-compartment models, and in vivo neutron
activation analysis. Table 2 shows that with those techniques, Hf is very similar between age groups, with a
2grand mean? close to the 73.2% (classical figure by Sheng and Huggins, 16) and to the 73.4% figure that we
found.

In conclusion, our analysis resolves the debate about whether with age Hf is unchanged (18-20) or
increased (1, 15, 21-25). Chemical analysis on six non-edematous adults (25 to 63 years of age) showed no
trend for Hf with age (23). Therefore, assessment of body composition for a group of healthy elderly people can

assume a constant cellular hydration and hydration of FFM.
ACKNOWLEDGMENTS
We thank Line Godiveau for secretarial assistance.
REFERENCES
1 Cohn, SH., D. Vartsky, S. Yasumura S, et al. 1980. Compartemental body composition based on total body

nitrogen potassium and calcium. Am. J. Physiol. 239:E524 - E530.

2 Flynn, M.A., G.B. Nolph, A. Sherwood Baker et al. 1989. Tota body potassium in aging humans. a
longitunal study. Am. J. Clin. Nutr. 50:713 - 717 .

3 Steen, B. 1988. Body composition and aging. Nutr. Rev. 46: 45 - 51.

4 Visser, M., D. Gallagher, P. Deurenberg, et al. 1997. Density of fat-free body mass relationship with race age
and level of body fatness. Am. J. Physiol. 272: E781 - E787.

5Finn, JP., L.D. Plank, M.A.Clark, et a. 1996. Progressive cellular dehydration and proteolysisin critically ill
patients. Lancet 347: 654 - 656.

6 Weinberg, A.D., K.L. Minaker, and the council of scientific affairs, American Medical assocation.
Dehydration. 1995. Evaluation and management in older adults. JAMA 274: 1552 - 1556 ;

7 Siri W.E. 1961. Body composition from fluid spaces and density: analysis of methods. In techniques for
measuring body composition pp223 - 244 [J Brodzek and A Henschel editors] Washington DC: Natl. Acad.
Press

8 Wang Z.M., R.N. Pierson, & S.B. Heymsfield.1992. The five level : model a new approach to organizing
body-composition research. Am. J. Clin. Nutr.56:19 — 28.

9 Durnin, JV.G.A., & J. Womerdley. 1974. Body fat assessed from total body density and its estimation from
skinfold thickness: measurements on 481 men and women aged 16 to 72 years. Br. J. Nutr. 32:77 — 97.

10 Picaud, J.C., J. Rigo, K. Nyamugabo, et a. 1996. Evaluation of dual X-Ray absorptiometry for body
composition assessment in piglets and term human neonates. Am. J. Clin. Nutr. 63: 157 — 163.

11 Pietrobdli, A., C. Formica, Z. Wang, et a. 1996. Dual-energy X-ray absorptiometry body composition
model : review of physical concepts. Am. J. Physiol.271 : E946 - E951.



12 Vaché, C., P. Gachon, M. Ferry et a. 1995. Low-cost measurement of body composition with 180 -
enriched water. Diabetes and Metabolism 21: 281 — 284.

13 Miller, M.E., & C.J. Cappon. 1984. Anion-exchange chromatographic determination of bromide in serum.
Clin. Chim. 30: 781 - 783.

14 Zar, J.H. 1988. Biostatistical Analysis. Prentice-Hall, INC, Englewood Cliffs, NJ.

15 Mazariegos, M., Z.M. Wang, D. Gallagher, et a. 1994. Differences between young and old females in the
five level of body composition and their relevance to the two-compartment chemical model. J. Gerontol. 49:
M201 - M208.

16 Sheng, H.P., & R.A. Huggins.1979. A review of body composition studies with emphasis on total body
water and fat. Am. J. Clin. Nutr. 32:630 — 647.

17 Ravussin, E., & C. Bogardus. 1989. Relationship of genetics, age, and physical fitness to daily energy
expenditure and fuel utilization. Am. J. Clin. Nutr. 49: 968 - 975.

18 Edelman, 1.S,, H.B. Haley, P.R. et al. 1952. Further observations on total body water. 1-Normal values
throughout the life span. Surg. Gynecol. and Obstet.95:1 — 12.

19 Norris, A.H., T. Lundy, & N.W. Shock. 1963. Trends in selected indices of body composition in men
between the ages 30 and 80 years. Ann. NY. Acad. Sci. 110:623 — 641.

20 Hewitt, M.J., S.B. Going, D.P. Williams et a. 1993. Hydration of fat-free body mass in children and adults;
implications for body composition assessment. Am. J. Physiol. 265:E88 - E95.

21 Bergsma-Kadijk, JA., B. Baumeister, & P. Deurenberg. 1996. Measurement of body fat in young and
elderly women: comparison between a four-compartment model and widely used reference methods. Br. J.
Nutr. 75: 649 — 657.

22 Lesser, G.T., & J. Markowsky. 1979. Body water compartments with human aging using fat-free mass as the
reference standard. Am. J. Physiol. 236 : R215 - R220.

23 Schoeller, D.A. 1989. Changesin total body water with age. Am. J. Clin. Nutr. 50: 1176 — 1181.

24 Heymsfield, S.B., Z. Wang, R.M. Baumgartner et al. 1993. Body composition and aging ;a study by in vitro
neutron activation analysis. J. Nutr.123: 432 — 437.

25 Baumgartner, R.N., P.M. Stauber, D. McHugh D, et a. 1995. Cross-sectional age differences in body
composition in persons 60+ years of age. J. Gerontol. 50A:M 307 - M316.

26 Cohn, SH., K.J. Ellis, D. Vartsky, et a. 1981. Comparison of methods for estimating body fat in normal
subjects and cancer patients. Am. J. Clin. Nutr. 34 :2839 — 2847.

27 Visser, M., P. Deurenberg, W.A. Vanstaveren et al. 1995. Resting metabolic rate and diet induced
thermogenesisin young and elderly subjects. Am. J. Clin. Nutr. 61 : 772 - 778.

28 Siconalfi, SF., R.J. Gretebeck, W.W. Wong. 1995. Assessing total body protein and mineral and bone
mineral content from total body water and body density. J. Appl. Physiol. 79 :1837 - 1843.

29 Lukaski, H.C., P.E. Johnson, W.W. Bolonchuk, et al. 1985. Assessment of fat-free mass using bioelectrical
impedance measurements of the human body. Am. J. Clin. Nutr. 41: 810 — 817.



30 Fugakawa, N.K., L.G. Bandini, & JB. Young. 1990. Effect of age on body composition and resting
metabolic rate. Am. J. Physiol.259: E233 - E238.

31 Modelsky, C.M., K.J. Cureton, R.O. Lewis, et al. 1996. Density of fat-free mass and estimates of body
composition in male weight trainers. J. Appl. Physiol. 80: 2085 — 2096.

32 Rellly, JJ., A. Lord, W.W. Bunker, et al. 1993. Energy balance in healthy elderly women. Br. J. Nutr. 69: 21
- 27.

33 Virgili, F., A. D'’Amicis, & A. Ferro-Luzzi. 1992. Body composition and body hydration in old age
estimated by means of skinfold thickness and deuterium dilution Ann. Hum. Biol. 19: 57 — 66.

34 Rellly, JJ., L.A. Murray, J. Wilson, et a. 1994. Measuring the body composition of elderly subjects /a
comparison of methods. Br. J. Nutr. 72 :33 — 44,

35 Campbell, W.W., M.C. Crim, G.E. Dalla, et al. 1994. Increased energy requirements and changes in body
composition with resistance training in older adults. Am. J. Clin. Nutr. 60: 167 — 175.

36 Fuller, N.J., M.B. Sawyer, M.A. Laskey, et al. 1996. Prediction of body composition in elderly men over 75
years of age. Ann. Hum. Biol. 23:127 - 147.

37 Fuller, N.J., SA. Jebb, M.A. Laskey, et a.1992. Four-compartment model for the assessment of body
composition in humans : comparison with aternative methods and evaluation of the density and hydration of
fat-free mass. Clin. Sci.82:687 — 693.

38 Sergi, G., P. Perini, M. Bussolotto, et al. 1993. Body composition study in the elderly : comparison between
tritium dilution method and dual photon absorptiometry. J. Gerontol. 48: M244 - M 248.

39 Ryde, S.J,, J.L. Birks, W.D. Morgan, et al. 1993. A five-compartment model of body composition of healthy
subjects assessed using in vivo neutron activation analysis. Eur. J. Clin. Nutr. 47: 863 — 874.

40 Beddoe, A.H., SJ. Streat, & G.L. Hill. 1985. Hydration of fat-free body in protein depleted patients. Am. J.
Physiol. 249: E227 - E233.

41 Streat, S.J., A.H. Beddoe,& G.L. Hill. 1985. Measurement of hydration of teh fat-free body in heath and

disease. Metabolism 34 : 509 - 518.



Table 1 : Physical characteristics of the participants

Y oung adults Healthy elderly subjects
n=35 n=68
Age (yr) 38.1+4.3 66.1+0.6
Weight (kg) 70.3+15 69.1+1.3
BMI (kg.m?) 23.1+0.4* 26.0+0.4
FFM (kg) 56.4+1.0* 46.1+1.1
TBW (kg) 41.3+0.7* 33.9+0.8
ECW (kg) 18.3+0.5" 15.1+0.4
ICW (kg) 23.1+0.7* 18.8+0.5

1 p < 0.001 between age-groups (one-way ANOVA)



Table 2. Hydration factor (HF) of FFM taken from the literature or calculated therein

Method

Siri C3

Siri C3

Siri C3

Siri C3

Siri C4

DXA C4

DXA C4

DXA C4

DXA C4

IVNAA

13

Reference

Age

young
young
young
young
young
young
young
young
young
young
young
old
old
old
old
old
old
old
old
old
old
old
old
old
old
old
old
young
young
old
young
young
young
young
young
young
young
old
old
old
old
old
old
old
old
young
old/young
old/young
old/young
old/young
old/young
old/young
old/young

Sex

women
women
women
women
women
men
men
men
men
men
men
women
women
women
women
women
women
women
women
women
men
men
men
men
men
men
men
men
women
women
men/women
women
women
women
men
men
men
women
women
women
men
men
men
men
women
women
women
women
women
men
men
men
women/men

n

20
19
38
27
15
37
55
29
24
16
14
18
19
10
30
21
20
71
16
4
30
19
32
20
19
23
8
14
20
18
38
78
96
12
88
54
16
188
96
15
127
12
62
12
19
19
15
12
35
16
13
33
36

HF (%)

721
73.3
725
73.2
73.1
73.3
72.1
73.2
70.5
72.8
734
735
72.7
724
72.6
69.7
72.5
73
73.4
73.6
71
68.7
731
69
71.6
72.9
71.6
72.6
72.3
73.7
72.8
73.3
73.8
745
74.2
73.8
733
74.8
73.8
73
73.9
75.1
735
70.5
725
735
72.2
72.7
72.6
72.5
72.9
711
72.2

Mean

72.8

72.6

72.6

71.4

72.8

73.6

73.9

74.4

73.7

72.3



Table 3. Summary of HF values

M ethodology n
Siri C3 654
Siri C4 90
IVNAA 198
This study 103
DXA 828

IVNAA : invivo neutron activation analysis

DXA : dual x-ray absorptiometry

HF

72.3

72.8

72.3

734

74.0



Legends for the figures

Figure 1 Panel A Linear relationship between ECW and TBW in elderly people and adults. The slope and the
adjusted means are not different. Panel B Linear relationship between ICW and TBW in elderly individuals and
adults. The slope and the adjusted means are not different.

Figure 2. Linear relationship between ICW and FFM in elderly people and adults. The slope and the adjusted

means are not different.



