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Abstract 24 
  25 
Background: It is difficult to measure body fat percentage in clinical settings. Equations 26 
using anthropometric measures are more feasible and can be used to estimate body fat. 27 
However, there is a need to analyze their accuracy in older adults. Our study aims to 28 
validate the use of anthropometric equations to estimate body fat percentage in older men 29 
and women.  30 
Methods: This study evaluated data from 127 Brazilian individuals aged between 60 and 31 
91 years. Weight, height, skinfold thickness and waist and hip circumferences were 32 
measured. Seventeen anthropometric equations were tested using the crossed validity 33 
criteria suggested by Lohman and the graph analysis proposed by Bland and Altman and 34 
by Lin was also performed. The gold-standard method for comparing the anthropometric 35 
equations was the dual-energy absorptiometry X-ray (DXA).  36 
Results: The average body fat percentage was 30.2±8.6% in men and 43.4±7.9% in 37 
women (p < 0.001). In men, the equations which used skinfold thickness presented 38 
amplitude of 11.48%, while in women, amplitude’s constant error (CE) was 22.88%. The 39 
equations based on circumferences and BMI presented CE variation from -5.3% to 40 
29.68% on the estimation of body fat percentage, which means that a same male 41 
individual can have the total body adiposity diagnosed with 34.98% of variation, 42 
depending on the selection of the employed equation. For women this CE variation was 43 
12.44%.  44 
Conclusion: Overall, all the equations yielded different results from the gold standard. 45 
However, the best equations for male were the one of Lean et al. (1996), which uses the 46 
waist circumference, and for women the one of Deurenberg et al. (1991), developed from 47 
the body mass index. The need of developing specific equations for older adults still 48 
remains, since even the two best equations showed considerable limitations on 49 
predicating body fat percentage. 50 
 51 
Keywords: anthropometric measures, body composition, body fat percentage, Dual-52 
Energy X-Ray Absorptiometry, Body Mass Index, ageing   53 
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Introduction 
68 

 
69 

Overweight and obesity rates are worryingly increasing and this has direct implications 70 

on public health and poor health outcomes (1,2). Body fat amount and distribution in 71 

older adults increases their risk of coronary heart diseases, hypertension and diabetes 72 

mellitus (3,4). There are several methods to evaluate body composition, varying from the 73 

most sophisticated ones, such as computed tomography (CT) scan, magnetic resonance 74 

imaging (MRI), dual-energy X-ray absorptiometry (DXA), to the simpler ones which 75 

estimate it indirectly, such as skinfolds (SF) thickness and circumferences (5,6). 76 

 77 

CT scan, MRI and DXA are considered reference methods to estimate the body fat in 78 

older adults. However, their use is limited due to the high costs of equipment, the need 79 

for qualified professionals, becoming, many times, not feasible to use in several clinical 80 

and public health settings (7). In turn, anthropometry is the most used method to estimate 81 

the body fat, due to its low-cost and easy applicability, by both researchers and 82 

ambulatory practice (8). 83 

 84 

The SF thickness measures can estimate the subcutaneous fat in certain parts of the body 85 

in accurate way. However, problems such as the redistribution of subcutaneous fat, 86 

selection of the appropriate equation and the measurement technique are important issues 87 

and can limit accuracy in older adults (8–10). The equations developed using 88 

anthropometric measures such as weight, height and waist and hip circumference, in turn, 89 

are cheap, non-invasive, easily applicable and show smaller measurement error when 90 

compared to the ones using SF (9,10). 91 
 92 
Nevertheless, the application of the anthropometric equations in other populations other 93 

than those from the origin sample requires validity analysis. To select more appropriate 94 

equations, factors such as age, gender, ethnicity and body fat distribution need to be taken 95 

into account. Ideally, the features of the population to be evaluated should be similar to 96 

the ones from the sample used on the validation process of the selected equation (11). It 97 

is necessary that body fat percentage is accurately diagnosed, however studies exploring 98 

the validity of prediction equations in older adults are very scare (12,13). Thus, the 99 

purpose of this study was to analyze the validity of anthropometric equations to estimate 100 

the body fat in older men and women compared to a gold standard method i.e. DXA. 101 



 102 

 103 

 104 

Methods 105 

 106 

Study population  107 

This study used data from the cohort study known as Projeto Idoso/Goiânia (Elderly 108 

Project/Goiânia). This study was approved by the Committee of Ethics in Research of 109 

Federal University of Goias (Protocol no 031/2007). A more detailed description of the 110 

project’s methodology can be found elsewhere (14,15). 111 

 112 

The sampling was performed in multiple stages with the Sanitary Districts of Goiânia 113 

considered the primary units to randomly select the sample. At the first stage, 418 older 114 

adults were interviewed, representing the elderly population using the primary health care 115 

(PHC) provided by the city, from whom random assortment proportional to BMI rates 116 

found in the origin population was done in order to set up a subsample of 132 elders. 117 

DXA and other exams were performed in this subsample. 118 

 119 

The number of older adults from the subsample was established taking into account a 120 

sample size of at least 100 individuals, necessary for the use of Bland and Altman 121 

statistics analysis (16). Based on the correlation coefficient, considering a two-tailed 122 

significance level (α) = 0.05, β = 0.05 (power of 95%) and an expected correlation 123 

coefficient of 0.35, the number of individuals necessary for a validation study would also 124 

be 100 (17). Predicting losses and refusals, we increased the sample size in 25%. 125 

 126 

Therefore, the present study was conducted with a sample of 127 older men and women, 127 

after further excluding five individuals from the subsample i.e. outliers. The outliers were 128 

identified, initially, graphically which was next confirmed by the Grubbs test. This 129 

approach was used to increase the quality of the equations. After removing non-standard 130 

values, the distribution of points in the graphs improved greatly, being close to zero, thus 131 

providing higher quality to the equations presented in this study.  132 

 133 

Inclusion and exclusion criteria 134 



The inclusion criterion was subjects aged 60 or older, who attended the appointment at 135 

the ambulatory in the PHC network twelve months prior to data collection. The exclusion 136 

criteria were: institutionalized elderly; disabling diseases which prevent them from 137 

getting out the bed or walk around; presence of partial or total amputation that would 138 

prevent the anthropometric data collection; pacemaker holders or holders of any type of 139 

metal in the body; incapacity of answering the questionnaire due to, for example, severe 140 

deafness and muteness. In this latter case, a caretaker could provide the answers. 141 

 142 

Measurements 143 

The participants were contacted by telephone and informed about the preparation 144 

necessary to perform the electrical bioimpedance (BIA) DXA, and also about the schedule 145 

to attend the clinic for it and all the anthropometric measures.  On this same day, a 146 

standard and previously tested questionnaire was applied by duly trained interviewers. 147 

All the evaluations were performed on the same day, in the morning period. 148 

 149 

For the identification of the anatomic spots, procedures according to Lohman et al (18) 150 

were used. Previously to data collection, aiming at the improvement of the execution of 151 

techniques and the assurance of higher accuracy of the anthropometric measures, a 152 

standardization to calculate the technical error of measurement was performed (19). 153 

 154 

Weight and height measures were taken according to Gordon et al (20), using an 155 

electronic, digital, portable scale Tanita, with capacity for 150 kg and accuracy of 100 g 156 

and an inelastic and inextensible measuring tape, with extension of 2.00 m, 2 cm width 157 

and accuracy of 0.1 cm and a wood set-square. From these measures, the value of the 158 

body mass index (BMI) was obtained. The waist (WC) and the hip circumferences (HC) 159 

were measured through an inelastic and inextensible measuring tape, 7 mm width and 160 

accuracy of 0.1 mm (21). The mean values of both WC and HC measures were taken into 161 

account.  162 

 163 

For SF thickness measures, Lange® body caliper was used with constant pressure of 10 164 

g/mm2 in contact surface and accuracy of 1 mm (22). Evaluations of different sites were 165 

performed in series and successively, adopting as final value the mean of three measures. 166 

To perform the anthropometric measures, participants wore light clothes or underwear, 167 

without shoes, did not hold any object in the pockets, hands or head. All the 168 



anthropometric measurements were performed by the same trained evaluator who had 169 

more than five years’ experience in clinical and research thickness measurements.  170 

 171 

The body fat percentage (BF%) was obtained through DXA with full body scanner, 172 

Lunar® (model DPX – MD PLUS), software version 7.52.002 DPX-L and the device 173 

calibrated daily (23). The participants were using light clothes, were barefoot, with no 174 

earrings, rings, dental bridges and other types of metal materials. 175 

 176 

From the anthropometric measures, the BF% was estimated through seventeen equations. 177 

The anthropometric equations analyzed in the present study were selected according to: 178 

1- age, 2- lower standard error of the estimate (SEE) on their development, 3- the best 179 

applicability in the elderly population, and 4- being the most mentioned in the literature 180 

and the easiest to obtain (Table 1). Considering that most of the anthropometric equations 181 

predict corporal density (D) values in g/mL, these values were converted into relative 182 

body fat using the Siri equation (24). 183 

 184 

Statistical analysis 185 

Initially, the normality of the variables was verified through Shapiro-Wilk test. The 186 

descriptive data were expressed as mean, standard-deviation, median, minimum and 187 

maximum values. 188 

 189 

To analyze the crossing validity of the anthropometric equations compared to the DXA 190 

on the BF% estimation, procedures suggested by Lohman (18) were adopted. The 191 

Student’s t test for paired samples was used to compare the estimated measures 192 

(equations) to those obtained from DXA. Pearson’s linear correlation coefficient (r); 193 

analysis of the standard-deviation; analysis of constant error (CE), which represents the 194 

difference between the estimated and measured values; and the SEE, which represents 195 

the expected error for the equation analyzed regarding the gold standard were also 196 

performed (18). 197 

 198 

The equations were considered valid when did not present statistically different means 199 

from the ones obtained through the gold standard i.e. DXA; when presented r > 0.79; and 200 

values of CE and SEE lower than 3.5%, in both men and women. Lohman (25) suggests 201 

the following stratification for the SEE: < 2.0% for being qualified as ideal; from 2.0 to 202 



2.4%, as excellent; from 2.5 to 2.9%, as very good; from 3.0 to 3.4%, as good; from 3.5 203 

to 3.9%, as fairly good; from 4.0 to 4.4%, as weak and, at last, ≥ 4.5%, as not 204 

recommended. 205 

 206 

The graphical analysis of Bland and Altman (26) and the concordance correlation 207 

coefficient (CCC) (27) were also used to evaluate the concordance between the BF% 208 

estimated by the anthropometric equations and the one measured by DXA.  209 

 210 

According to Bland and Altman (26) the method that presented concordance is the one 211 

which has the smallest mean difference between the tested method and the gold standard, 212 

and the closer it is to the equality line (line zero), the better is the concordance between 213 

tests. The parallel continuous lines indicate confidence intervals (CI 95%) of the mean 214 

differences and they allow the checking of the statistic similarity in case the minimum 215 

and maximum 95% CI start from a negative number to a positive one, crossing the zero 216 

or equality line.  217 

 218 

On the other hand, the CCC combines precision and accuracy to establish if observations 219 

significantly deviate from the perfect concordance line (45°). When the value is equal to 220 

one, it means that the regression line is exactly over the perfect concordance line. 221 

Excellent concordance was established as CCC > 0.90; satisfactory concordance, as CCC 222 

from 0.60 to 0.90; and unsatisfactory concordance, as CCC < 0.60. Data analyses were 223 

done in STATA/SE program version 12. 224 

 225 

Results 226 

 227 

The study’s sample comprised 127 participants aged from 60 to 91 years. Around 52% 228 

(n=66) of the sample were 60 to 69 years old and considered as a group of younger older 229 

adults. In women, that age range was the predominant (57%), while most of the men 230 

(46%) presented age varying between 70 and 79 years. 231 

 232 

All the variables presented a normal distribution (p>0.05). It was observed that there was 233 

a significant difference (p<0.05) for all the anthropometric and body composition 234 

variables between genders, except for WC. Men presented higher WC means whereas 235 

women presented higher BMI values, all the SF and BF% (Table 2). 236 



 237 

The errors associated to the seventeen different equations which estimate the BF% from 238 

different anthropometric measures were analyzed. In men, the equations which used SF 239 

presented amplitude (CE) of 11.48%, while in women, the CE amplitude was 22.88%. 240 

The equations based on circumferences and BMI presented CE variation from -5.3% to 241 

29.68% on the estimation of the BF%, which means that a same male individual can have 242 

the total body adiposity diagnosed with 34.98% of variation, depending on the selection 243 

of the employed equation. For women, in turn, this CE variation was 12.44% (Table 3). 244 

 245 

Among the equations based on SF, the one of Visser et al (28) was the only one similar 246 

to DXA (p>0.05), presenting an agreement percentage (%C) = 51%, that is, around 51% 247 

of older men would have their body fat measured in an accurate way. This equation 248 

presented SEE of 3.82% considered as reasonably good according to Lohman (25) (Table 249 

3).  250 

 251 

In women, the equation of Visser et al (28) was also the only one similar to DXA, 252 

presenting concordance of 42.7% with the gold standard, CE of 1.24% and a trend to 253 

overestimate values. Besides, the SEE was considered not recommended according to the 254 

validation criteria (29) (Table 3). 255 

 256 

Regarding the equations based on BMI and circumferences, the ones that did not differ 257 

from the gold standard (DXA) in men were those of Lean et al (30) and of Deurenberg et 258 

al (31). The equation of Lean et al (32) had a concordance of 58.8%, underestimating the 259 

BF% by 0.47%. In turn, the one of Deurenberg et al (31) which is based on BMI and age, 260 

presented CE of 0.69% and SEE of 4.71%, and, therefore, not recommended as validation 261 

criterion according to Lohman (18). For women, only the equation of Deurenberg et al 262 

(31) did not differ from BF% measure by DXA (p>0.05), overestimating BF% by 0.45% 263 

and agreeing in 58.7% with the gold standard; therefore, 58.7% of women would have 264 

their body fat accurately estimated (Table 3). 265 

 266 

The other analyzed equations, in both genders, presented statistically significant 267 

differences when compared to the values measured by DXA, besides presenting CE and 268 

SEE which also did not meet the validation criteria (25), although some presented high 269 

correlation values. 270 



 271 

According Bland and Altman (26) technique, no equation was considered excellent (CCC 272 

> 90), which can also be observed by the wide limits of agreement (LA). However, some 273 

equations were satisfactory (six equations for men and four for women), presenting CCC 274 

ranging from 0.60 to 0.90 and respective mean differences and smaller LA than others 275 

(Table 4).  276 

 277 

Only the equations with similar results to the mean obtained with DXA were analyzed 278 

regarding the dispersion of scores (Figure 1). In Figure 1, it can be observed that the 279 

equation from Visser et al (28), for both genders, overestimated the inferior values and 280 

underestimated the superior values related to BF% measured by DXA, so that all Lin 281 

graphs built were the ones which presented a bigger distance from the perfect 282 

concordance line. 283 

 284 

From the evaluated equations in men, the one which presented the best concordance with 285 

DXA was the one from Lean et al (32), which presented the lowest mean difference 286 

(0.47%) and CCC = 0.85, underestimating the BF% of men in less than 0.5% (Figure 1a). 287 

Among women, it was verified that the equation of Deurenberg et al. (31) was the one 288 

which presented the lowest mean difference (0.45%) and CCC = 0.81 (Figure 1b).  289 

 290 
Discussion 291 
 292 

In the present study, overall, all the anthropometric equations produced different results 293 

from the gold standard i.e. DXA. However, the best equations were the one of Lean et al 294 

(32) which use the WC for men and, for women, the one of Deurenberg et al (31), 295 

developed from the BMI. Our results showed gender differences on anthropometric 296 

measures and BF%, since women presented higher BMI, SF and BF%. Corroborating 297 

with our findings, Rech et al (10) found that older men presented higher weight, height, 298 

fat free mass and lower BF%. 299 

 300 

The tested equations presented CE ranging from -17.42 to 29.68% in relation to the gold 301 

standard, showing that a same participant can be diagnosed with a wide variation 302 

according to their total body adiposity, depending on the selected equation to estimate the 303 



BF%. The bias among estimations (SF andBIA, DXA) ranges according to the prediction 304 

equation, which is corroborated by other studies (10,33). 305 

 306 

In the present study, the only equation that presented a mean of BF% not statistically 307 

different from DXA was the one of Visser et al (28), for both genders. However, this 308 

equation presented unsatisfactory concordance (CCC = 0.53 in men and CCC = 0.46 in 309 

women) and low accuracy, so that, at the end of the analysis, it was not classified as a 310 

better BF% prediction equation. Similar results were also found in a study performed with 311 

older Brazilian adults (34,35), in both genders, and it was observed a trend of BF% 312 

overestimation when the Visser et al (28) equations were used, with 49.2% of men 313 

presenting concordance with BF% by DXA, whereas women presented lower 314 

concordance (36). 315 

 316 

The SF thickness measurement has been considered one of the most important techniques 317 

to estimate body fat in populational studies. The relation between the sum of SF and the 318 

total body fat is one of the main factors for this method to be considered valid to estimate 319 

BF%, and that can be well used in the context of public health since it is a low cost tool 320 

(14).  321 

 322 

The use of SF thickness may not be sufficiently sensible to detect aging related changes, 323 

as they are represented by alteration of internal components (37). Those changes are 324 

important because there is centralization and internalization of fat over the years (14), and 325 

SF thickness is based on the principle that subcutaneous tissue fat represents the total fat, 326 

which can underestimate the adipose mass in these individuals (28). Barbosa et al (33), 327 

analyzing equations to predict body density in older women, found systematic errors on 328 

the use of equations based on SF thickness measures. In this sense, equations using 329 

anthropometric measures of body mass, height, BMI and circumferences are alternatives 330 

which have demonstrated good results on the estimation of body components in older 331 

adults (31). 332 

 333 

Among the equations developed from BMI and circumferences, only the one of Lean et 334 

al (32) for the male gender and the one of Deurenberg et al (31) for both genders presented 335 

similarity with BF% estimated by DXA. The equation of Lean et al (25), which uses 336 

measures of WC and age, underestimated BF% in men and presented a concordance of 337 



58.8% of DXA scores. The WC presented good relation with BF% (R2 = 0.77), which 338 

could explain, in part, the validity of this equation to estimate BF% in elderly. 339 

 340 

The equation of Deurenberg et al (31), which uses measures of BMI and age, presented 341 

CE of 0.69% and SEE considered as not recommended according to Lean et al (32) 342 

validation criteria, despite the excellent applicability, because it does not require SF 343 

measures and other variables which may difficult the field work. The concordance of the 344 

equation of Deurenberg et al (31) was better in female gender (58.7%), showing a trend 345 

of overestimating BF% values.  346 

 347 

The equations which use BMI, age and gender in the estimation of body fat have been 348 

considered as an alternative for diagnosis studies on issues related to the adiposity 349 

accumulation, featuring attractions such as simplicity in data collection and the possibility 350 

of use in large populations, besides their direct relation with total body fat (31). 351 

Nevertheless, the relation of BMI with BF% is smaller in elderly than in adults (38). 352 

However, BMI, in this study, was shown as a good predictor of body fat in men (R2 = 353 

0.70) and in women (R2 = 0.73), demonstrating the possible applicability of equations 354 

based on BMI measures. 355 

 356 

For men, the graphical analysis of Bland and Altman (26) revealed the best concordance 357 

of DXA with the equation of Lean et al (32), to present the lowest mean difference 358 

(0.47%) and CCC = 0.85, underestimating men BF% in less than 0.5%. For women, the 359 

equation of Deurenberg et al (31) was the one that presented the best concordance with 360 

DXA, presenting mean difference of 0.45% and CCC = 0.81%.  361 

 362 

The variations in nutritional status of the participants may have limited the use of body 363 

composition variables, specially the SF thickness. Factors such as the experience of the 364 

person who carried out the anthropometry, equipment used, standardization and location 365 

of the anatomic point of anthropometric measures represent notable errors in the 366 

evaluation of the body composition. Moreover, future research should also investigate 367 

visceral adipose tissue using other techniques such as computed tomography scan. 368 

 369 

It is important to highlight that due to differences in the pattern of fat distribution among 370 

the different age groups, the estimates obtained by means of equations found in the 371 



literature may present important systematic errors, influencing the diagnosis accuracy 372 

(39). Aspects such as the selection of the most appropriate equation, equipment 373 

calibration and accuracy, standardization of techniques and evaluator’s level of training, 374 

shall be carefully defined in the studies, to minimize the measure errors (29). When is not 375 

possible to evaluate body fat in older adults using DXA in clinical practice, the best 376 

equation for male is the one of Lean et al (32), which uses the waist circumference, and 377 

for women the one of Deurenberg et al (31), developed from the body mass index. Waist 378 

circumference and BMI are measures already incorporated in clinical practice. However, 379 

there is still a need for specific equations for older adults, since both equations showed 380 

considerable limitations in predicting body fat percentage. 381 

 382 

Conclusion 383 

 384 

Overall, all the equations produced different results from the gold standard (DXA). 385 

However, the best equation for men was the one of Lean et al which uses the WC and, 386 

for women, the one of Deurenberg et al developed from the BMI. The equations that use 387 

anthropometric measures, reflecting the total (BMI) and visceral (WC) adiposity seem to 388 

predict the BF% more accurately in older adults than the ones that also use the SF 389 

(subcutaneous fat). The need for developing specific equations for older adults still 390 

remains, because even the two equations mentioned earlier presented considerable 391 

limitations to predict body fat percentage. 392 
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 519 
 520 
Table 1. Anthropometric equations to estimate body fat percentage in the older adults. 521 
 522 

Authors Year n Age 
(years) 

Country 

 

Method Equation 

Men 

SF Thickness       
Durnin and Womersley(29)* 1974 24 50-72 Scotland PH D= 1.1765 - 0.0744 log10 (X1) 

Durnin and Womersley(29)** 1974 209 17-72 Scotland PH D= 1.1715 - 0.0779 log10 (X1) 

Visser et al.(28) 1994 76 60-87 Holland PH D= 0.0186 (1Ŧ) - 0.0300 log (X2) +1.0481 

Lean et al.(32) 1996 63 18-65 England PH BF%= 0.353 (WC) + 0.756 (TR) + 0.235 (age) - 26.4 

BMI       
Visser et al.(26) 1994 76 60-87 Holland PH D= 0.0226 (1Ŧ) – 0.0022 (BMI) + 1.0605 

Deurenberg et al.(31) 1991 521 7-83 Holland PH BF%= 1.2 (BMI) + 0.23 (age) – 10.8 (1Ŧ) – 5.4 

Gallagher et al.(40) 2000 1626  20-59 England, US and 

Japan 

DXA BF% = 64.5 - 848 x (1/BMI) + (0.079 x age) – (16.4 x 1Ŧ) + 

(0.05 x 1Ŧ x age) + (39.0 x 1Ŧ) x (1/BMI) 

Circumferences        
Lean et al. (32) 1996 63 18-65 England PH BF%= 0.567 (WC) + 0.101(age)-31.8 

Svendsen et al. (41) 1991 23 70 Denmark DXA BF%= 50.26 – 0.42 (HC) – 0.29 (EST) + 0.72 

Women 

SF Thickness       
Durnin and Womersley(29)* 1974 37 50-68 Scotland PH D= 1.1339 - 0.0645 log10 (X1) 

Durnin and Womersley(29)** 1974 272 17-68 Scotland PH D= 1.1567 - 0.0717 log10 (X1) 

Visser et al .(28) 1994 128 60-87 Holland PH D= 0.0186 (0Ŧ) - 0.0300 log (X2) + 1.0481 

Lean et al. (32) 1996 84 18-65 England PH BF%= 0.232 (WC) + 0.657 (TR) + 0.215 (age) - 5.5 

Svendsen et al.(41) 1991 23 70 Denmark DXA BF%= 1.40 (BMI) + 0.48 (TR) – 25.81 

BMI       

Visser et al.(26) 1994 128 60-87 Holland PH D= 0.0226 (0Ŧ) – 0.0022 (BMI) + 1.0605 

Deurenberg et al. (31) 1991 708 7-83 Holland PH BF%= 1.2 (BMI) + 0.23 (ID) – 10.8 (0Ŧ) – 5.4 

Gallagher et al. (40) 2000 1626  20-59 England, US and 

Japan 

DXA BF% = 64.5 - 848 x (1/BMI) + (0.079 x age) – (16.4 x 0Ŧ) + 

(0.05 x 0Ŧ x age) + (39.0 x 0Ŧ) x (1/BMI) 

*Equation specific for the elderly. ** Equation generalized for a broad group age. Method: technique used in the development and 523 
validation of regression equations. PH: hydrostatic weighing. DXA:  dual energy X-ray absorptiometry. D: body density. BF%: 524 
percentage of body fat. Age (years). BM: Body mass (kg). EST: height (cm). BMI: Body Mass Index (kg/m2); BI: bicipital skinfold; 525 
TR: tricipital skinfold; SE: subscapular skinfold; SI: supra-iliac skinfold; WC: waist circumference; HC: hip circumference. X1: Σ 526 
(tricipital, subescapular, bicipital, supra-iliac); X2: Σ (bicipital, tricipital). Ŧ represents the constant for the gender (female=0 and 527 
male=1).  528 

 529 
530 



Table 2. Mean, standard deviation, minimum and maximum (amplitude) of 531 

anthropometric variables and fat percentage in older adults, by sex. 532 
 Men (n=52) Women (n=75) 

Mean±SD Median Amplitude Mean±SD Median Amplitude 

BMI (kg/m2)* 25.75±4.05 26.10 14.42/35.36 27.75±5.58 26.88 17.16/40.02 

WC (cm) 95.69±11.48 98.05 61.00/114.50 93.49±14.67 94.20 66.25/160.40 

SF SE (mm)** 19.99±7.94 19.41 5.70/ 39.67 26.07±10.84 25.00 8.00/77.50 

SF TR (mm)** 13.51±6.04 12.67 3.50/31.17 27.03±9.71 24.00 6.83/ 52.00 

SF BI (mm)** 6.55±3.58 6.00 2.00/18.17 13.92±6.56 13.00 2.83/36.67 

SF SI (mm)** 19.49±7.46 20.33 3.50/35.00 23.81±6.30 24.33 9.00/39.00 

BF% DXA** 30.21±8.63 31.00 5.40/47.40 43.44±7.92 43.80 21.80/57.10 

t-test for independent samples: * p <0,05; ** p <0,001; BMI: Body Mass Index; WC: waist circumference; SF: skinfold thickness; 533 
SE: subscapular; TR: tricipital; BI: bicipital; SI: supra-iliac; BF% DXA: body fat percentage by dual energy X-ray absorptiometry; 534 
SD: standard-deviation 535 

536 



Table 3. Analysis of validation criteria of anthropometric equations to estimate body fat 537 

rate in older adults by sex. 538 
Methods Mean±SD CE r TE SEE %C 

Men (n=52) 

BF% DXA 30.21±8.63      

SF Thickness       

Durnin and Womersley (Esp)(25) 22.81±6.32* -7.04 0.91 8.3 3.58 15.4 

Durnin and Womersley (Gen)(25) 27.88±6.75* -2.33 0.91 4.4 3.58 53.8 

Visser et al.(28) 31.07±2.86 0.85 0.90 6.2 3.82 51.2 

Lean et al. (32) 34.12±8.13* 4.08 0.92 7.5 3.37 43.1 

BMI       

Visser et al.(28) 32.28±4.17* 2.06 0.84 7.48 4.77 46.1 

Deurenberg et al. (31) 30.91±5.04 0.69 0.84 6.66 4.71 51.9 

Gallagher et al. (40) 24.91± 5.87* -5.30 0.87 6.97 4.31 30.8 

Circumferences        

Lean et al. (32) 29.58±6.58 -0.47 0.88 4.14 4.06 58.8 

Svendsen et al. (41) 59.89±6.61* 29.67 0.70 31.41 6.19 0.0 

Women (n=75) 

BF% DXA 43.44±7.92      

SF Thickness       

Durnin and Womersley (Esp) (29) 40.59±4.56* -2.84 0.87 5.3 3.87 48.0 

Durnin and Womersley (Gen) (29) 36.33±4.98* -7.11 0.87 8.3 3.87 21.3 

Visser et al.(28) 44.67±2.53 1.24 0.81 6.2 4.71 42.7 

Lean et al. (32) 48.90±8.95* 5.46 0.81 7.5 4.62 33.3 

Svendsen et al.(30) 26.01±11.75* -17.42 0.87 18.73 3.90 1.3 

BMI       

Visser et al.(26) 45.34±6.12* 1.91 0.85 4.47 4.15 56.0 

Deurenberg et al. (31) 43.88±6.78 0.45 0.83 4.42 4.46 58.7 

Gallagher et al. (40) 32.90±6.38* -10.53 0.89 11.16 3.67 2.7 

Esp: equation specific for elderly; Gen: equation generalized for a broad age group; * differs significantly (p<0.05) paired t-test; SD: 539 
standard deviation CE: constant error; r: Pearson linear correlation coefficient; TE: total error; SEE: standard error of the estimate; 540 
%C: agreement percentage with validation limit %BF(±3,5%); BF% DXA: body fat percentage by dual energy X-ray absorptiometry;  541 

542 



Table 4. Precision, accuracy, concordance correlation coefficient (CCC) and mean 543 

differences of the anthropometrical equations to estimate body fat percentage in older 544 

adults by sex.  545 
Methods Precision Accuracy CCC Mean difference  

(95% limit of agreement) 
Men (n=52) 

SF Thickness     

Durnin and Womersley (Esp) (29) 0.912 0.640 0.584 -7.405 (-14.987; 0.178) 

Durnin and Womersley (Gen) (29) 0.912 0.928 0.846 -2.334 (-9.617; 4.949) 

Visser et al.(28) 0.899 0.592 0.532 0.859 (-11.269; 12.987) 

Lean et al. (32) 0.922 0.891 0.822 4.080 (-2.469; 10.629) 

BMI     

Visser et al.(28) 0.837 0.748 0.626 2.063 (-8.963; 13.090) 

Deurenberg et al.(28) 0.841 0.867 0.729 0.698 (-9.432; 10.827) 

Gallagher et al. (40) 0.870 0.736 0.640 -5.305 (-14.258; 3.648) 

Circumferences      

Lean et al. (32) 0.885 0.962 0.852 -0.467 (-8.610; 7.675) 

Svendsen et al. (41) 0.704 0.112 0.079 29.679 (17.614; 41.744) 

Women (n=75) 

SF Thickness     

Durnin and Womersley (Esp) (29) 0.875 0.787 0.689 -2.842 (-11.688; - 6.004) 

Durnin and Womersley (Gen) (29)  0.875 0.569 0.497 -7.106 (-15.552; 1.340) 

Visser et al.(28) 0.807 0.567 0.458 1.236 (-10.658; 13.131) 

Lean et al. (32) 0.815 0.819 0.668 5.461 (-4.777; 15.699) 

Svendsen et al. (41) 0.872 0.366 0.319 -17.425 (-29.587; -5.263) 

BMI     

Visser et al.(28) 0.854 0.933 0.797 1.907 (-6.281; 10.096) 

Deurenberg et al. (31) 0.829 0.986 0.818 0.450 (-8.236; 9.135) 

Gallagher et al. (40) 0.888 0.468 0.416 -10.533 (-17.789; -3.278) 
 Esp: equation specific for elderly; Gen: equation generalized for a broad age group; CCC: concordance correlation coefficient. 546 

 547 


