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There is a paucity of data on differences between methods for the assessment of body composition in
elderly subjects. Studies on younger adults suggest that such differences are of some practical significance
at the individual level. In the present study the following methods of estimating percentage body fatness
(BF %) were compared in healthy elderly men and women (mean age 70 (SD 6) years: densitometry;
skinfold thickness; total body water; bioelectrical impedance (BIA) using an age-specific predictive
equation and the manufacturers’ equation; body mass index (BMI). Though BF % estimates from the
various methods tended to be highly correlated with those from densitometry and with each other,
differences between methods at the individual level were marked. In particular, the age-specific
equations based on BMI and BIA systematically overestimated BF % relative to the other methods.
Biases between BF % estimates derived from densitometry, skinfolds, BIA (manufacturers’ equation)
and total body water were less marked, indicating little evidence of systematic differences between these
methods in elderly subjects. Individual differences between methods were slightly greater than those
reported in some studies of younger adults, but this may be of little practical significance, and may be
considered inevitable in view of variability between and within subjects in the extent to which the
underlying assumptions of these two-component methods are met in elderly subjects.

Fat-free mass: Ageing: Methodology

The need for improved information on the methodology for assessment of body
composition of elderly subjects (> 65 years) has been identified by a number of
investigators (e.g. Durnin, 1983; Kuczmarski, 1989; Baumgartner et al. 1991). Ageing is
characterized by: reduction in fat-free mass (FFM; Forbes, 1987), primarily via loss of
muscle mass; loss of bone mineral in women (Mazess, 1982); redistribution of body fat
leading to increased deposition of body fat in ‘internal’ fat depots as opposed to
subcutaneous depots (Durnin & Womersley, 1974). Though the general pattern of change
in body composition in old age is clear, it is also clear that the rate, timing and extent of
the changes varies between subjects and between the sexes (Deurenberg et al. 1989;
Heymsfield et al. 1989). Both the changes and the degree of variability in the changes
present particular problems for the assessment of body composition by two-component
methods in elderly subjects since the underlying assumptions upon which the various
techniques are based may be invalid. Concern has been expressed in relation to the use of
total body K which is flawed by loss of muscle in old age (Cohn et al. 1980). Estimates using
total body water (TBW) may also be flawed if the water content of FFM alters
systematically with old age, but there is little evidence of a systematic change of this kind
(Schoeller, 1989). Bioelectrical impedance (BIA) has practical utility in elderly subjects but
use of age-specific predictive equations is likely to be necessary, since application of
equations derived from younger populations in elderly subjects may lead to systematic
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overestimation of FFM (Deurenberg et al. 1990). The prediction of body density by
skinfold thickness is of value in elderly subjects, but concern has been expressed in relation
to overestimation of body density particularly in women (Reilly et al. 1993). An alternative
anthropometric approach based on prediction of body fatness in individuals from body
mass index (BMI) has been shown to have some promise (Deurenberg ef al. 1991) in elderly
subjects. Finally, in most studies which have adopted two-component methods the
reference method adopted is body density, but there are particular problems with the use
of densitometry as a reference method in the elderly because of variability in the density of
FFM such that the assumption of a constant density of 1-100 kg/m® may be invalid
(Deurenberg et al. 1989).

In recent years advances in technology have permitted the construction of models of body
composition which define the body in terms of more than two components. These models
are of particular value in population groups where the two-component model is limited by
variability in the composition of FFM, notably in children and the elderly (e.g. Svendsen
et al. 1991; Friedl et al. 1992). However, further development of this approach is necessary
and cross-validation of any equations arising from it is awaited. For many investigators
two-component methodology will remains the only option for the foreseeable future
because of practical constraints. Moreover, in many ‘field’, community, and clinical
settings the techniques derived from the two-component approach (e.g. skinfold thickness
and BIA) are the only appropriate means of body composition assessment. Our approach
here has been to characterize differences between two-component methods currently
available for use in elderly subjects. Detailed characterization of differences between
methods at the level of the individual is virtually absent in elderly subjects. These
differences are quite marked in younger groups of adults (McNeill et al. 1991; Fuller et al.
1992) and might be even more marked in elderly subjects because of variability in the rate,
extent or timing of the changes in body composition outlined above.

The aims of the present study were as follows: (1) To compare methods for the
assessment of body composition in healthy elderly subjects by application of several
methods on the same subject; (2) to test the validity of predictive equations based on BIA
and BMI, developed in other elderly populations, for use in the selected population
recruited in this study.

SUBJECTS AND METHODS
Subjects

The participants were sixty elderly subjects (thirty-three females, twenty-seven males). All
were in good health, living in the community, and were recruited by newspaper
advertisement. All subjects provided a brief medical history and were free of disease which
might have been relevant to consideration of body composition (diagnosis of osteoporosis,
renal or hepatic disease, malignancy, cardiovascular disease). The research was approved
by the Glasgow West Ethics Committee, and all subjects provided informed consent to the
procedures described here. Characteristics of subjects are given in Tables 1 and 2. Subjects
were not selected on the basis that they were to comprise a representative sample of the
elderly living in the community, but comparison of the males and females separately with
appropriate reference values for the UK (Burr & Phillips, 1984) revealed no significant
differences between the sample selected and reference data for community elderly subjects
with respect to age, body weight, or body composition estimated from skinfold thickness
(¢ test, P > 0-05).

Of the sixty subjects selected, twenty-five were unable or unwilling to participate in the
underwater weighing procedure for determination of body density. Subjects in whom
density was not measured did not have TBW determined. The remaining thirty-five subjects
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Table 1. Characteristics of male subjects (n 27) participating in the study

Subject Age Weight Height BMI Participation in
no. (years) (kg) (m) (kg/m?)  complete study*
02 66 87-0 1-82 264 Y
03 71 850 1-79 26'5 Y
04 67 67-0 1-65 247 Y
06 75 830 1-67 29-6 N
08 67 88-5 175 289 Y
09 64 90-0 1-66 325 Y
20 72 54-5 1-61 210 Y
22 73 59-5 1-65 231 Y
33 66 71-1 1-70 24-6 Y
35 65 85-0 1-76 274 N
37 65 70-0 1-81 213 Y
38 68 795 1-85 232 Y
39 70 865 1-78 273 Y
43 66 64-0 1-63 242 Y
46 69 79-0 1-78 249 Y
50 66 95-8 173 319 N
51 75 670 1-78 213 Y
53 71 61-0 1-65 22:5 Y
55 84 60-8 1-59 240 N
67 70 93-5 1-85 275 Y
69 93 512 1-61 19-8 N
70 66 64-5 1-63 243 Y
75 65 710 175 231 Y
79 65 93-8 1-79 29-2 Y
87 68 74-8 1-68 266 Y
88 71 715 171 26'5 N
89 66 80-0 1-82 242 N
Mean 70 756 1-72 254
SD 6 127 0-08 32

BMI, body mass index; Y, yes; N, no.
* Subjects who did not participate in the complete study were, by definition, not included in the measurements
of total body water and underwater weighing.

participated in all procedures (including measurement of TBW) described below and
therefore the sample size for all methodological comparisons was thirty-five (nineteen
males, sixteen females), but for comparison of methods other than densitometry and TBW
sample size was sixty.

Anthropometry
Subjects visited the laboratory in the early morning after an overnight fast and were
weighed to 0-1 kg in light indoor clothing. This was corrected to nude weight. Height was
measured to 2 mm. The procedures described below were then performed on the same day.

Skinfold thickness (SFT)
Skinfolds were measured at four standard sites: biceps, triceps, suprailiac and sub-scapular,
as previously described (Durnin & Womersley, 1974). Body density was predicted in all
subjects using the appropriate equation from Durnin & Womersley (1974). All
measurements were carried out by the same trained observer. The estimate of density
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Table 2. Characteristics of female subjects (n 33) participating in the study

Subject Age Weight Height BMI Participation in
no. (years) (kg) (m) (kg/m?)  complete study*
01 69 685 1-54 290 Y
07 72 701 1-65 259 Y
12 75 585 159 231 Y
15 66 765 1-58 30-8 Y
18 66 59-5 1-56 24-5 Y
19 66 675 1-62 258 Y
21 67 475 1-60 187 Y
23 71 99-5 1-66 360 N
25 79 71-5 1-62 272 N
26 68 52:0 1-47 240 Y
27 72 710 1-56 29-1 N
31 70 70-0 1-57 254 N
32 66 62-5 1-57 253 N
40 68 56'5 1-57 230 Y
42 78 493 1-54 207 Y
44 66 63-0 1-64 234 Y
45 66 70-0 1:52 30-1 N
47 76 612 1-56 251 Y
48 77 70-3 1-65 261 N
49 79 388 1-48 17-8 N
52 70 638 1-55 26-7 Y
54 74 50-0 1-52 21-5 N
57 76 53-0 1-57 21-5 Y
58 65 669 162 254 N
68 70 510 148 232 Y
76 75 69-0 1-59 275 N
77 74 670 1-63 252 Y
81 69 700 1-51 307 N
82 65 680 166 24-8 N
84 65 525 1-51 232 N
85 69 660 1-52 286 N
88 74 700 1-67 251 N
89 69 585 1-51 257 N

Mean 70 63-0 1-57 255
sD 4 109 0-06 36

BMI, body mass index; Y, yes; N, no.
* Subjects who did not participate in the complete study were, by definition, not included in the measurements
of total body water and underwater weighing.

obtained was converted to an estimate of body fatness (BF % ; percentage of body weight)
using Siri’s (1961) equation:

BF % = (4-95/density) —4-50.

Fatness from body mass index (BMI)

BMI was calculated for all subjects and used in the appropriate predictive equation from
Deurenberg et al. (1991) in order to estimate BF %.

BF % = (1-2 x BMI)—(10-8 x sex) +(0-23 x age) — 54,

where sex is entered as male 1, female 0.
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Bio-electrical impedance (BIA)
Whole-body BIA was measured in all subjects at 800 zA and 50 kHZ using an EZ 1500
Body Composition Analyser (Cranlea and Co., Birmingham, West Midlands). The
instrument employed the conventional tetrapolar method with electrodes attached to hand
and foot. BF % was estimated from the BIA measurement in two ways: (1) using the
manufacturer’s equation ‘built in” to the instrument software; (2) using the appropriate
equation derived from a healthy elderly population described by Deurenberg et al. (1990):

FFM (kg) = (0-671 x 10* x H2/R)+(3-15 x S)+(39)
(r*0-88; standard error of estimate 3-1 kg),

where H is height (m), R is resistance (ohms), S is sex (entered as females 0; males 1).
FM was calculated as (body weight — FFM), and expressed as a percentage of body weight.

Densitometry
Body density (BD) was measured in thirty-five of the sixty subjects by underwater weighing,
as previously described, and residual lung volume was determined by N, wash-out as
previously described (Durnin & Womersley, 1974).

Measurements of body density in men were converted to BF % estimates using Siri’s
(1961) equation. In the women, BD was converted to BF % using both the Siri equation
and a modification of it suggested by Deurenberg et al. (1989). Deurenberg et al. (1989)
demonstrated that FFM density in elderly women is lower than 1-100 kg/m?® and proposed
the following modification to Siri’s equation in order to correct for the error observed:

Women age 70 years: BF % = (512-1 /density)—469-0.

This equation makes the assumption that the density of FFM is 1-0919 kg/m? rather than
1100 kg/m?® (Siri, 1961).

Estimation of BF% from TBW

TBW was estimated as 2H?HO dilution space/1:04 (Schoeller et al. 1980). After providing
a urine specimen for determination of background *H enrichment in body water, 2H*HO
space was measured from the 5-7 h post dose ‘plateau’ enrichment in urine following oral
administration of a weighed dose of approximately 0-12 g *H?*HO/kg body-weight.
Background and ‘plateau’ ®*H enrichments were measured using an Aqua Sira isotope
ratio mass spectrometer (Bureau for Stable Isotope Analysis, Brentford, Middlesex). TBW
was calculated following correction to measured dilution space of 2H2HO for density of
water at 37°. Calculation of BF % from TBW was made by assuming that the water content
of FFM is 730 g/kg.

As indicated above, measurements of TBW, and estimates of BF % derived from them,
were available only for those subjects for whom body density was measured (# 35), since
TBW was only determined in those subjects who could undertake the underwater weighing
procedure.

Statistical analyses
Differences between the subjects recruited to the present study and appropriate reference
data (for age, weight, FM and FFM from SFT) were tested for statistical significance by
t test. Relationships between BF % estimates produced from each of the methods were
examined by correlation. Since correlation is an index of association rather than agreement
between methods, methodological differences were analysed on the basis of individual
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Table 3. Estimates of percentage body fat (BF%) in male subjects by six methods*

BIA||
BIA§ (Deurenberg
Subject (manufacturer’s et al.

no. Densitometryt BMI] equation) equation) SFTY TBWif

02 201 30-7 255 366 322 191
03 221 319 231 341 300 30-2
04 232 289 257 346 266 270
08 310 339 32:8 421 296 294
09 306 375 326 418 323 336
20 163 256 174 270 181 180
22 219 283 10-7 287 232 220
33 280 285 19-0 300 277 270
37 237 243 247 344 281 279
38 236 273 295 39-3 29-6 300
39 26:5 327 330 420 22:1 242
46 138 296 182 287 212 183
51 151 266 133 228 193 183
53 252 271 167 273 29-4 228
67 281 329 344 425 295 32:5
70 270 281 316 392 291 251
75 242 265 206 310 233 19:2
79 269 338 371 455 238 198
87 261 314 261 373 281 300
06 — 366 274 372 274 —
35 — 316 321 410 290 —
43 — 280 352 425 265 —
50 — 373 40-8 472 270 —
55 — 319 281 371 255 —
69 — 344 206 279 209 —
88 —_ 313 310 40-0 260 —
89 — 280 284 381 278 —
Mean 239 305 265 36:1 264 250
SD 48 36 7-6 64 38 52

BMI, body mass index, BIA, bioelectrical impedance; SFT, skinfold thickness; TBW, total body water.
* For details of subjects and procedures, see Table 1 and pp. 34-38.

+ Using the equation of Siri (1961).

1 Using the equation of Deurenberg et al. (1991).

§ Using the manufacturer’s ‘built-in” equation.

| Using the equation of Deurenberg et al. (1990).

9 Following the method of Durnin & Womersley (1974).

ttAssuming the water content of the fat-free mass is 730 g/kg.

differences in BF % estimates between the various methods. These were expressed as the
mean of the individual differences between methods in BF % units (‘bias’) and the ‘limits
of agreement’ between methods (bias+ ¢ x sD of the differences) following the method of
Bland & Altman (1986). The appropriate value of ¢ was taken from statistical tables.

RESULTS
Differences between BF % estimates using different methods: males

Individual BF % estimates for each of the six methods used in males are presented in Table
3. Data are presented for each individual in order to illustrate the degree of variability in
BF % estimates for the same individual.
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Table 4. Comparison of various body composition methods in male subjects*t

(Bias} for estimates of body fatness§ as a percentage of body weight, with 95% limits of agreement (z sD)
given in parentheses)

BIA
BIA (Deurenberg Total
Body mass (Manufacturer’s ez al. (1990) Skinfold  body
Method Densitometry index equation) equation) thickness  water
Densitometry — — — — — —
Body mass index —59(86) — — — — —
BIA (Manufacturer’s ~1-0 (12-0) 49 (12-4) — — — —
equation)
BIA (Deurenberg ef al. —11-1(9-5) —52(97) —10-2 (4-5) —— — —
(1990) equation)
Skinfold thickness —2:6 (84) 33(89) —1:6 (140) 8-5(11-7) — —
Total body water —11(84) 4-8 (10-1) —-01(141) 10-0 (12:0) 1:5(7-8) —

BIA, bioelectrical impedance.

* For details of subjects and procedures, see Table 1 and pp. 34-38.

t Comparisons between densitometry and total body water and the other methods are based on nineteen
subjects; all other comparisons are based on twenty-seven subjects.

1 The method at the top of the table minus the alternative method given at the left hand side provides the bias.

§ Values for bias of fat-free mass (as a percentage of body weight) are equal and opposite to those given for
percentage fat.

Methods tended to be highly correlated with each other and all of the indirect
methods were highly correlated with body density (n 19): BMI (r 0-55; P < 0-05); BIA,
manufacturer’s equation (r 0-67; p < 0-01); BIA, Deurenberg et al. (1990) equation (r 0-72;
P < 0:01); SFT (r 0-62; P < 0-01); TBW (r 0:69; P < 0-01). As indicated above, correlation
is an index of association rather than agreement. The degree of agreement between methods
was determined by the Bland & Altman (1986) analysis which concentrates on individual
differences; these results are presented below.

Comparison between methods and densitometry: males

The results of the Bland & Altman (1986) analysis are given in Table 4. Table 4 confirms
that the 95 % limits of agreement between all methods were wide. Some distinct biases are
apparent. In particular, for the consideration of methods in relation to densitometry
(n 19) it is clear from Tables 3 and 4 that the BMI method and BIA using the equation of
Deurenberg et al. (1990) tend to overestimate BF % relative to densitometry (large negative
bias when BF % estimate is subtracted from BF % by densitometry; Table 4). Agreement
between BIA (manufacturer’s equation), SFT, and TBW and densitometry was somewhat
better as indicated by the smaller biases, but limits of agreement were wide, particularly for
BIA (Table 4).

Comparison between methods: males
Table 4 confirms that the greatest bias exists for comparisons of BF % from BIA using the
equation of Deurenberg et al. (1990) which consistently overestimated BF % relative to
other methods. The next highest estimates were obtained by BMI. Bias between BIA
(manufacturer’s equation), SFT and TBW was less marked, but again limits of agreement
were wide.
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Table 5. Estimates of percentage body fat (BF%) in female subjects by seven methods*

Densitometry} BIAY
Densitometryt  (Deurenberg BIA| (Deurenberg
Subject (Siri et al (Manufacturer’s et al.
no. equation) equation) BMI§ equation) equation) SFT{t TBW{i
01 436 416 453 472 425 406 420
07 453 436 422 387 496 374 426
12 47 42:6 396 41-1 523 348 465
15 367 34:5 467 451 553 385 384
18 422 40-0 39-2 40-8 521 367 419
19 379 355 407 341 470 395 374
21 244 220 325 226 392 259 26-1
26 529 52:0 390 440 540 352 437
40 392 370 378 341 469 34-4 379
42 266 244 374 234 379 251 270
44 359 336 379 366 484 369 351
47 236 210 422 413 522 371 395
52 507 48-8 427 487 571 377 530
57 315 292 379 347 467 329 323
68 428 411 385 40-9 516 357 41-0
77 459 44-1 419 471 49-5 380 395
10 — — 385 346 463 325 —
23 — — 541 429 540 446 —
27 — — 461 424 53-8 40-0 —
31 — — 41-8 48-1 574 382 —
32 — — 40-1 36'5 48-5 366 —
45 — — 459 445 54:6 363 —
48 — — 433 44-5 542 351 —
49 — — 341 227 360 24-1 —
54 — — 374 266 398 323 —
58 — — 400 445 544 379 —
76 — — 449 398 506 358 —
81 — — 473 466 564 41-8 —
82 — — 393 431 534 39-9 —
84 — — 374 293 427 377 —
85 — — 445 442 55-0 350 —
88 — — 417 363 537 371 —
89 — — 420 353 469 387 —
Mean 390 369 412 389 497 361 389
sD 88 92 42 74 58 44 69

BM]I, body mass index; BIA, bioelectrical impedance; SFT, skinfold thickness; TBW, total body water.
* For details of subjects and procedures, see Table 2 and pp. 34-38.
+ Using the equation of Siri (1961).
1 Using the equation of Deurenberg ez al. (1989).
§ Using the equation of Deurenberg ez al. (1991).
| Using the manufacturer’s ‘built in’ equation.
9 Using the equation of Deurenberg ef al. (1990).
11 Following the method of Durnin & Womersley (1974).
11 Assuming the water content of the fat-free mass is 730 g/kg.

Differences between BF % estimates using different methods: females
Individual estimates of BF % for each of the seven methods are presented in Table 5. Data
are again presented for each individual in order to illustrate the degree of variability in
BF % estimates from the various methods.

As in the males, BF % estimates from the various methods tended to be highly correlated
with each other and with BF % by densitometry. For example, correlation coefficients for
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Table 6. Comparison of various body composition methods in female subjects*t

(Bias} for estimates of body fatness§ as a percentage of body weight, with 95% limits of agreement (¢ sD)
given in parentheses)

Densitometry BIA
(Deurenberg BIA (Deurenberg Total
et al. (1989) Body mass (Manufacturer’s et al. (1990)  Skinfold  body
Method equation) index equation) equation) thickness  water
Densitometry — — — — — —
(Deurenberg ef al.
(1989) equation
Body mass index -32(181) — — — — —
BIA (manufacturer’s —1-8 (14-0) 24 (11-2) — — — —
equation)
BIA (Deurenberg ez al. —12:0(16:0) —8504) —10-8 (7-5) — — —
(1990) equation)
Skinfold thickness 1-5(164) 51 (63) 2-8 (104) 13-5(90) — —
Total body water —-20(11:9) 12 (12°1) -01(87) 10087 -35(104) —

BIA, bioelectrical impedance.

* For details of subjects and procedures, see Table 2 and pp. 34-38.

+ Comparison between densitometry and total body water and the other methods are based on sixteen subjects;
all other comparisons are based on thirty-three subjects.

1 The method at the top of the table minus the alternative method given on the left hand side provides the bias.

§ Values for bias of fat-free mass (as a percentage of body weight) are equal and opposite to those given for
percentage fat.

BF % from densitometry (Deurenberg et al. (1990) equation; » 16) and other methods were
as follows: BMI (r 0-38 ; not significant); BIA, manufacturer’s equation (r 0-71; P < 0-01);
BIA, equation of Deurenberg et al. (1990) (» 0:58; P < 0-05); SFT (r 0-56; P < 0-05); TBW
(r 0-80; P < 0:01).

Comparison of methods with densitometry: females

The results of the Bland & Altman (1986) analysis are given in Table 6. Comparisons with
densitometry are provided using the modification to Siri’s equation proposed by
Deurenberg et al. (1989). Table 6 confirms that the 95% limits of agreement between
methods are wide. As in the males, some distinct biases were apparent (Tables 5 and 6).
Comparison of the various methods with densitometry (n 16) showed that the BIA method
employing the age-specific equation for elderly people proposed by Deurenberg et al. (1989)
consistently overestimated body fatness relative to densitometry. The equation based on
BMI developed by Deurenberg et al. (1991) systematically overestimated BF % relative to
densitometry, though not to the same extent as in the males (Table 4). Biases for BIA, SFT,
TBW and densitometry were considerably smaller but the limits of agreement were fairly
wide (less so for TBW than the other methods).

Comparison between methods: females
The estimates of BF % from the age-specific equation based on BIA of Deurenberg et al.
(1990) were systematically higher than all other methods (Table 6), with estimates of BF %
from BMI next highest (Tables S and 6). Biases between the other methods were less clear
though BIA tended to produce slightly higher estimates than SFT, and SFT tended to
produce slightly lower estimates than TBW (Tables 5 and 6). As in the males, however,
limits of agreement between these three methods were wide.
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The estimates of BF % from densitometry using the correction of Deurenberg et al.
(1989) are of course lower than those from Siri’s equation (Table 5) because of the
reduction in the constant assumed for the density of FFM.

DISCUSSION

The approach taken in the present study was to provide a comparison of two-component
methods of body composition assessment. Historically such studies have tended to identify
a particular method (usually densitometry) as a reference and then compare other methods
against the one so designated. In the absence of cadaver analysis such approaches can at
best only provide a test of the relative validity rather than absolute validity of any
particular method. Given the likely variability in the composition of the FFM of elderly
subjects outlined above, and indeed in younger adults (Fuller ez al. 1992), not only is
absolute validity out of the question, but to consider validity relative to a reference method
such as densitometry is to put too much faith in the basic assumptions of the two-
component model. We have therefore refrained from making judgements of validity of
individual methods by comparison with densitometry as a reference method, though the
data presented could be used in such a manner (Tables 4 and 6).

Comparison of BF % estimates between the various methods revealed that BIA using the
appropriate age-specific regression equation (Deurenberg et al. 1990) and prediction of
BF % by BMI (Deurenberg et al. 1991) both tended to overestimate body fatness relative
to the other methods for males and females (Tables 3 and 4 males; Tables 5 and 6 females).
Svendsen et al. (1991) also found that the age-specific BIA equation of Deurenberg et al.
(1990) tended to overestimate fatness in their group of healthy elderly subjects, but we
know of no other attempt to cross-validate this particular equation, or to cross-validate the
prediction of BF % from BMI. Real differences between populations or samples may exist
and this finding tends to support the case for a greater degree of cross-validation of
predictive formulas, as suggested by several investigators (e.g. Deurenberg et al. 1990;
Baumgartner et al. 1991). These difficulties are likely to be exacerbated when attempts are
made to validate methodology based on healthy elderly subjects in elderly populations who
are ill or disabled and this represents a major methodological problem.

Bias between the other methods was not particularly marked (Tables 4 and 6) in males
or females, but the degree of disagreement in BF % estimates at the individual level might
be considered high. Methodological comparison are often made solely by correlation which
tends to mask differences between individuals (Bland & Altman, 1986). Recent studies of
younger adults have revealed marked differences between methods at the individual level
(McNeill ez al. 1991 ; Fuller et al. 1992). An alternative view may be that the inter-individual
differences outlined in Tables 3-6 are inevitable and need not give rise to undue concern.
Siri (1961) considered that individual differences between ‘true’ and estimated BF % of
approximately 3-5 BF % between methods were inevitable (arising from error in the basic
assumptions and biological variability). Furthermore, comparison of BIA- (manufacturer’s
equation), TBW- and SFT- (Tables 3-6) derived estimates of BF % perhaps illustrates a
degree of disagreement between methods which is not surprising in the light of Siri’s
comment and may be of little concern. The absence of great bias between these three
methods illustrates the apparently limited potential for large systematic differences between
the three ‘bedside’ methods.

The degree of inter-individual variability in composition of the FFM, discussed above,
means that differences between methods in elderly subjects might be expected to be greater
than in younger adult groups. The present study provides some support for this hypothesis.
Fuller et al. (1992) for example reported a bias for comparison of SFT and density of —0-66
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(2sp 5-00) BF % and 2-63 (2sp 7:87) BF % for comparison of BIA and density in twenty-
eight healthy adults (males and females, age range 18-59 years). McNeill ez al. (1991)
reported slightly wider limits of agreement between SFT-density and BIA-density in a
smaller (n 14) sample of younger adult women: comparison of BF % by density-SFT
(bias —0-3, 2sD 9-8); comparison of BF % by density-BIA (bias 1-7, 2sp 8-6). In the present
study, analogous (bias+¢xsD) values for the comparison of SFT and density in men
(Table 4) were —2:6 (8-4) BF % in men, 1-5 (16-4) BF % in women. For comparison of BIA
and density in men (Table 4) bias was —1-0 (12-0) BF % and —1-8 (14-0) BF % in women
(Table 6). In both cases limits of agreement for men and women are somewhat greater than
those reported by Fuller ez al. (1992) but only marginally greater than those reported by
McNeill et al. (1991).

Methods of body composition assessment which are technically simple and can therefore
be used in epidemiological and routine clinical settings (SFT, BMI, BIA, and possibly TBW)
are of great importance in consideration of nutritional status of the elderly, and further
research on the validity and practical utility of the various methods is indicated. A
multicomponent approach is likely to be of great use in body composition assessment of
the elderly (Baumgartner et al. 1991; Svendsen ef al. 1991; Virgili et al. 1992), but cross-
validation in different populations must be demonstrated. It is also likely that, with some
modifications, the existing ‘bedside’ two-component methods will remain and the
characterization of differences between these methods is of obvious relevance. We conclude
that in healthy elderly subjects large systematic differences between D, BIA (at least using
the instrumentation software employed here), TBW and SFT are not present. The choice
of which method to use in particular circumstances might therefore make little difference
in practical terms, particularly if data are to be considered on a group basis.
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