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Abstract

Purpose The aims of the study were to develop sex- and
age-specific percentiles for lean mass index (LMI), appen-
dicular LMI (aLMI), fat mass index (FMI), and body fat
distribution indices in Chinese adults using dual-energy
X-ray absorptiometry (DXA), and to compare those indices
with those of other ethnicities using the US NHANES data.
Methods Whole-body and regional lean mass and fat mass
(FM) were measured using DXA in 5688 healthy males
(n = 1693) and females (n = 3995) aged 20-90 years.
Body fat distribution indices were expressed as % fat
trunk/% fat legs, trunk/appendicular FM ratio (FMR), and
android/gynoid FMR. Percentile curves of LMI, alLMI,
FMI, and body fat distribution indices were obtained by the
Lambda—Mu-Sigma method.

Results The aLMI and LMI were negatively associated
with age, decreasing from the fifth decade for males, but
were not associated with age in females. Females had more
total FM than males, whereas males had greater central
adiposity (% fat trunk/% fat legs ratio, trunk/appendicular
FMR, and android/gynoid FMR) than females. Moreo-
ver, FMI and body fat distribution indices consistently
increased with age in both sexes, especially in women. In
comparison with white, black, and Mexican populations
in the USA, Chinese adults had lower total FM, but had
greater central adiposity (% fat trunk/% fat legs ratio and
trunk/appendicular FMR). Additionally, older white and
Mexican populations showed greater decreases for aLMI
and LMI than their Chinese counterparts.
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Conclusions We present the sex- and age-specific percen-
tiles for aLMI, LMI, FMI, and body fat distribution indices
by DXA in Chinese adults, which may refine the individual
assessment of the nutritional status of Chinese adults.
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Abbreviations

DXA Dual-energy X-ray absorptiometry
LM Lean mass

FM Fat mass

LMI  Lean mass index

FMI  Fat mass index

aLMI Appendicular lean mass index
FMR  Fat mass ratio

A/G  Android/gynoid

% BF Percentage of body fat mass
Introduction

Assessment of nutritional status provides a useful predictor
of health risk and an opportunity to monitor the effects of
nutrition-related disease progression and nutritional inter-
vention in public health and clinical nutrition [1, 2]. BMI
has been widely used in epidemiological studies and clini-
cal practice to provide a quick assessment of nutritional
status [3]. However, BMI represents the sum of total body
composition. The failure to differentiate between lean mass
(LM) and fat mass (FM) limits the usefulness of BMI,
which may lead to significant misclassification of nutrition
status when applied to individuals [4]. To overcome the
limitations of BMI and to obtain more phenotypic details,
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body composition analysis (including LM and FM) is nec-
essary. Measurements of LM and FM in absolute values fail
to allow appropriate comparisons among subjects of differ-
ent sizes. Therefore, some studies have proposed the use of
lean mass index (LMI) and fat mass index (FMI) normal-
ized to height as superior measures of nutritional status [5].
In previous studies, FMI was widely used to screen individ-
uals with obesity-risk diseases [6, 7], and LMI (especially
in limbs) has been applied as an important index for diag-
nosis of sarcopenia [8, 9].

Dual-energy X-ray absorptiometry (DXA) is an accu-
rate and reliable method for assessing body composition,
and is capable of separating body mass into LM and FM
[10]. Moreover, DXA has the ability to measure on both a
regional and whole-body basis with the advantages of low
cost, low radiation dose, and high precision [10]. Recently,
reference data based on DXA were published for LMI and
FMI (total body and regional) in different ethnic popula-
tions [11-13]. The most advanced and comprehensive
reference values for body composition are age-, sex-, and
ethnicity-specific and have been published as percentiles
derived from the US NHANES data [11, 12]. We previ-
ously described reference data of body composition in
healthy Chinese children and adolescents aged 5-19 years
using DXA [14]. To the best of our knowledge, there are
currently no DXA-based sex- and age-specific data for
LMI and FMI in a population of Chinese adults.

Previous studies have shown that Asian populations
experience a higher risk of metabolic and cardiovascular
diseases at lower levels of BMI than other ethnic popula-
tions [15, 16]. This paradoxical finding conveyed the neces-
sity for additional adiposity measures to supplement BMI
in assessing health risk, such as measures of body fat dis-
tribution that are more strongly associated with risk fac-
tors for obesity-related diseases than total fat mass [17].
Moreover, ethnic differences in body fat distribution exist
in adults [11, 12, 18]. Thus, ethnicity-specific percentile
curves of body fat distribution indices would further assist
in the assessment of nutritional status in adults.

Therefore, the primary aim of the current study was to
develop sex- and age-specific percentiles for LMI, FMI,
and body fat distribution indices in a population of Chinese
adults aged 20-90 years using DXA. A secondary aim was
to compare the body composition indices of the Chinese
population with those of other ethnic populations.

Methods
Study population

The participants were recruited from a body composi-
tion and osteoporosis study at the First Affiliated Hospital
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of Jinan University (Guangzhou, China) from 2004 to
2012. The present study included healthy Chinese men
and women from 20 to 90 years of age who had a BMI of
16-30 kg/m>. Subjects were included in the study if they
were functionally independent Chinese individuals over
20 years of age, who were in apparent good health. Sub-
jects were excluded if they met any of the following cri-
teria: (1) a history of fracture; (2) medication known to
affect the musculoskeletal system (e.g., anti-osteoporotic
drugs, androgens or anti-androgen drugs, corticosteroids);
(3) chronic disease known to affect bone metabolism (e.g.,
hyperthyroidism, hyperparathyroidism, rheumatoid arthri-
tis, chronic renal insufficiency); (4) metal implants (e.g.,
pacemakers, joint replacement device); or (5) inability
to determine the menstruation state or experiencing non-
natural menopause (natural menopause was designated if
there was a complete natural cessation of menses for more
than 12 months). Ultimately, 1693 men and 3995 women
were included in our study. All subjects provided written
informed consent to participate in the study, which was
approved by the Ethics Committee of the First Affiliated
Hospital, Jinan University.

Anthropometry and body composition measurement

A research physician obtained information on medical his-
tory and medication use in a personal interview. Height and
body weight were obtained based on standard methods;
height was measured without shoes to the nearest 0.1 cm,
and weight with only light clothing to the nearest 0.1 kg.
BMI was calculated as body weight divided by height
squared (kg/m?). Total and regional LM and FM were
obtained through whole-body DXA scans (Lunar Prodigy,
GE Healthcare, Madison, WI, USA), and data were ana-
lyzed using software version 10.0 provided by the manu-
facturer. Android and gynoid regions were automatically
obtained using the software provided by the manufacturer.
The appendicular region is defined as including both the
left and right arms and legs area. From these measurements,
the following derivative values were calculated: FMI (total
fat mass/heightz), LMI (total lean rnass/heightz), aLMI
(appendicular lean mass/height?), and % BF (percentage
of body fat mass = total body fat mass/weight x 100 %).
Indices of body fat distribution were included in the analy-
sis as previously described: % fat trunk/% fat legs, trunk/
appendicular FM ratio (FMR), and android/gynoid (A/G)
FMR. Daily quality assurance scans were performed by
scanning the spine phantom according to the manufactur-
er’s instructions. All DXA measurements were taken by the
same trained technologist throughout the study. The preci-
sion error (% CV) was less than 2 % for total LM and total
FM and less than 3 % for regional (trunk, appendicular,
android, gynoid) LM and FM, as determined by duplicate
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scans with repositioning between each measurement in 30
volunteer subjects.

Statistical analysis

The values of continuous variables are presented as the
mean £ SD. Unpaired-sample ¢ tests were conducted to
evaluate the significance of the mean difference between
males and females. Age- and sex-specific percentile
curves for aLMI, LMI, FMI, % BF and indices of body
fat distribution were generated using the Lambda—Mu-—
Sigma method (LMS-chartmaker version Pro 2.3, Medi-
cal Research Council, UK). Each percentile (changing
distribution) is summarized by three curves representing
the skewness (L), the median (M), and the coefficient of
variation (S) as these change with the independent variable
age [19]. The Z-scores can be calculated by the following
equation:

where X is the body composition measure of interest.

The 50th percentile curves for aLMI, LMI, FMI, and
body fat distribution indices (including % fat trunk/% fat
legs ratio and trunk/appendicular FMR) of Chinese adults
were compared with those of white, black, and Mexican
populations in the US NHANES reference data using the
same GE-Lunar DXA scanner [12]. The comparisons did
not include the A/G FMR because the NHANES reference
data did not provide these values. All tests were two-tailed,
and a p value of less than 0.05 was considered statistically
significant.

Results
Characteristics of subjects

Details of the subject characteristics are shown in Table 1.
Males and females differed significantly in weight and
height as well as in total and regional LM and FM. Males
were heavier, were taller, and had higher LM, whereas FM
was greater in females.

Percentiles for LMI, FMI, aLMI, and % BF

Percentiles (3rd, 10th, 25th, 50th, 75th, 90th, and 97th) for
LMI, FMI, aLMI, and % BF for males and females aged
20-90 years are shown in Tables 2, 3, 4 and 5, and per-
centile curves are given in Fig. 1. The differences between
sexes were seen in percentile curves for LMI, FMI, aLMI,
and % BF. The aLMI and LMI were consistently higher
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Table 1 Characteristics of study subjects
Males Females Total
(n =1693) (n = 3995) (n = 5668)
Mean + SD Mean + SD Mean + SD
Age (years) 528 +17.5° 540+£159 53.6+164
Weight (kg) 63.5+10.3° 53.8+8.1 56.7£9.9
Height, m 1.68 + 0.06° 1.57 £ 0.05 1.60 £ 0.08
BMI (kg/m?) 225 +32° 219 +3.0 22.1+3.1
Body composition measures (kg)
Total LM 46.72 £ 6.00° 3393 £3.78 37.73+£7.32
Total FM 1427 £ 647° 17.86 £5.65 16.80 £6.13
Total BMC 2.527 £0.433° 1.978 £0.384 2.142 +£0.472
Trunk LM 2239 +£2.64° 16.76 £2.04 18.44 341
Trunk FM 8.62+4.30° 9.76+348 942+3.78
Appendicular LM 20.52 £3.11° 14.124+1.97 16.03 +3.76
Appendicular FM  5.07 +2.19*  7.39 4235  6.70 +2.54
Body composition index (kg/m?)
Total LMI 16.6 £ 1.6° 13.8+1.3 146 £ 1.9
Total FMI 51+£22% 73+£22 6.6+2.5
Appendicular LMI 7.3 £ 0.9¢ 57£0.7 62=+1.0
Body fat distribution
% BF 21.62 £7.62° 32.55+649 29.30 + 8.48
% Fat trunk/% fat  1.33 £ 0.30° 1.08 £0.19 1.16 £ 0.25
legs ratio
Trunk/appendicu- 1.66 & 0.43° 1.33 £ 0.34 1.43 +£0.39
lar FMR
A/G FMR 0.63 £0.19° 051+£0.15 0.54+0.17
BMI status (%)
BMI < 18.5 kg/m? 12.3 13.8 13.4
BMI > 25 kg/m?  23.3 16.2 18.4

BMI body mass index, LM lean mass, FM fat mass, BMC bone min-
eral content, LM/ lean mass index, FMI fat mass index, % BF per-
centage of body fat mass, FMR fat mass ratio, A/G android/gynoid

a P> 005°%P<001;°P <0001 Compared with females
(unpaired-sample ¢ tests)

in males of all age groups than females, whereas the FMI
and % BF were consistently higher in females. The aLMI
(r = —0.123, P < 0.001) and LMI (r = —0.292, P < 0.001)
were negatively associated with age and started to decrease
from the fifth decade in men, whereas in women the aLMI
and LMI had no correlation with age, although a slow
decrease from the sixth decade was seen for aLMI. The
FMI and % BF were positively related to age and showed a
steady increase with age in both sexes.

Comparisons with the ethnic groups (including whites,
blacks, and Mexicans) of US counterparts from NHANES
reference data for the 50th percentile curves of LMI, FMI,
and aLMI using the GE-Lunar DXA scanner are shown in
Fig. 2. Compared with the white, black, and Mexican popu-
lations in the USA, the 50th percentiles of LMI, FMI, and
aLMI were consistently distinctly lower in Chinese males
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Table 3 Sex- and age-specific percentiles for fat mass index among Chinese adults aged 20-90 years
Age (years) Males Females
M M

L S 3rd 10th 25th 50th 75th 90th 97th L S 3rd  10th 25th 50th 75th 90th  97th
20 0.748 0.553 0.50 137 243 376 522 6.63 8.11 0.641 0300 2.85 3.70 4.63 575 696 811 931
25 0.748 0.537 0.60 1.51 261 398 548 693 844 0.641 0301 296 3.84 481 598 723 843 9.68
30 0.748 0522 0.71 1.66 279 420 574 722 876 0.641 0301 3.07 398 499 620 7.51 876 10.05
35 0.748 0.507 0.83 1.81 297 441 598 749 9.06 0.641 0301 3.18 4.13 518 644 7.79 9.09 1044
40 0.748 0492 096 197 3.15 462 621 7.74 933 0.641 0302 330 428 537 6.67 808 943 10.83
45 0.748 0477 1.09 2.12 333 480 641 795 954 0.641 0302 341 443 555 691 837 976 11.21
50 0.748 0462 122 227 348 496 6.56 8.09 9.68 0.641 0.303 3.51 456 573 7.13 8.63 10.07 11.57
55 0.748 0447 135 241 361 509 6.68 8.19 9.77 0.641 0.303 3.60 4.68 5.87 7.31 886 1034 11.89
60 0.748 0432 148 254 374 519 6.76 826 9.80 0.641 0.304 3.67 477 599 746 9.05 1056 12.14
65 0.748 0418 1.62 2.67 385 529 683 829 9.81 0.641 0304 3.72 484 6.08 7.58 9.19 10.73 12.33
70 0.748 0403 175 279 396 536 6.87 831 9.79 0.641 0305 3.75 489 6.15 7.66 9.29 1085 1248
75 0.748 0.389 1.88 291 4.06 544 691 831 9.75 0.641 0305 3.77 492 6.19 7.72 937 1095 12.60
80 0.748 0.375 2.02 3.04 416 551 694 830 9.70 0.641 0306 3.79 495 6.23 7.78 9.44 11.03 12.69
85 0.748 0.361 2.17 3.16 426 558 697 829 9.65 0.641 0307 3.81 497 627 7.82 950 11.11 12.78
90 0.748 0347 231 329 437 565 7.00 828 9.60 0.641 0.307 3.82 5.00 6.30 7.87 9.56 11.18 12.86
L (lambda), skewness; M (mu), median; S (sigma), coefficient of variation
Table 4 Sex- and age-specific percentiles for appendicular lean mass index among Chinese adults aged 20-90 years
Age (years) Males Females

M M

L S 3rd  10th 25th 50th 75th 90th 97th L S 3rd  10th 25th 50th 75th 90th 97th
20 1.241 0.110 594 646 698 7.54 8.10 859 9.07 —-0.220 0.105 449 477 5.08 545 585 625 6.67
25 1.261 0.111 592 645 697 7.54 810 8.60 9.08 —0.115 0.107 454 4.84 516 554 596 636 6.79
30 1.281 0.112 590 644 697 754 8.10 860 9.09 —0.010 0.109 459 489 523 563 605 647 6.90
35 1.301 0.113 5.88 642 696 7.54 8.10 8.60 9.09 0.095 0.110 4.62 495 529 570 6.14 6.56 7.01
40 1.320 0.114 5.85 640 694 7.52 8.09 860 9.08 0200 0.112 4.65 499 534 577 622 6.64 7.09
45 1.339 0.114 581 637 691 750 8.07 857 9.06 0306 0.113 4.66 5.01 538 581 626 6.69 7.14
50 1.357 0.115 576 631 6.86 7.45 8.02 852 9.0l 0412 0.114 4.65 501 538 582 628 6.71 7.15
55 1.374 0.116 5.69 624 6.79 7.37 794 844 893 0.519 0.115 4.63 5.00 538 582 628 6.71 7.15
60 1.389 0.117 5.60 6.15 6.69 7.28 7.85 834 8.82 0.627 0.116 4.60 497 536 581 627 6.69 7.12
65 1.401 0.118 549 6.04 6.58 7.16 7.72 822 8.69 0.734 0.116 454 492 532 577 622 6.64 7.06
70 1411 0.119 537 592 646 7.03 7.58 8.07 8.54 0.842 0.117 447 486 525 570 6.15 656 6.97
75 1419 0.120 525 579 632 688 743 791 8.37 0950 0.117 439 478 517 5.62 6.06 646 6.86
80 1.427 0.121 S5.12 5.65 6.17 6.73 727 7.74 8.19 1.057 0.117 430 4.69 5.09 552 595 634 6.73
85 1.434 0.122 498 551 6.03 658 7.11 7.57 8.01 1.165 0.116 422 461 500 543 585 622 6.59
90 1441 0.122 4.85 538 588 642 694 740 7.84 1.270 0.116 4.13 452 491 533 574 6.11 646

L (lambda), skewness; M (mu), median; S (sigma), coefficient of variation

and females, with the exception of similar values in older
Mexican and white populations for aLMI and LMI. More-
over, the 50th percentiles of aLMI and LMI showed rela-
tively greater decreases in older white and Mexican indi-
viduals than in Chinese individuals.

Percentiles for body fat distribution indices

Percentiles (3rd, 10th, 25th, 50th, 75th, 90th, and 97th) for
body fat distribution indices (including % fat trunk/% fat
legs ratio, trunk/appendicular FMR, and A/G FMR) for

@ Springer
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Fig. 1 Percentile curves (the
3rd, 10th, 25th, 50th, 75th, 90th,
and 97th) for LMI, FMI, appen-
dicular LMI, and % body fat in
Chinese males and females aged
20-90 years. (LMI lean mass
index, FMI fat mass index, %
BF percentage of body fat mass)

males and females aged 20-90 years are shown in Tables 6,
7 and 8, and percentile curves are given in Fig. 3. The
values of % fat trunk/% fat legs ratio, trunk/appendicular
FMR, and A/G FMR were consistently higher for males
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than females. The pattern of changes in the % fat trunk/%
fat legs ratio, trunk/appendicular FMR, and A/G FMR dif-
fered by sex. The % fat trunk/% fat legs ratio, trunk/appen-
dicular FMR, and A/G FMR increased gradually until the
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Fig. 2 Comparisons of the 50th percentile curves for LMI, FMI, and appendicular LMI according to age and gender for Chinese versus Ameri-
can adults (including white, black, and Mexican adults) from NHANES data. (LMI lean mass index, FMI fat mass index)
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Table 6 Sex- and age-specific percentiles for % fat trunk/% fat legs ratio among Chinese adults aged 20-90 years
Age (years) Males Females
M M

L S 3rd 10th 25th 50th 75th 90th 97th L S 3rd  10th 25th 50th 75th 90th 97th
20 0989 0200 0.68 0.82 095 1.10 125 138 1.51 1.341 0.136 0.70 0.79 0.87 096 1.05 1.12 1.20
25 1.094 0204 0.71 0.85 1.00 1.16 132 146 1.60 1.232 0.140 0.71 0.80 0.88 0.97 1.06 1.14 122
30 1.195 0.208 0.72 0.89 1.05 123 140 155 1.69 1.120 0.143 0.72 0.80 0.89 0.99 1.08 1.17 1.25
35 1.286 0211 0.74 093 1.10 129 147 1.63 1.78 0999 0.147 0.73 082 091 1.01 1.11 1.19 1.28
40 1.355 0212 0.76 096 1.15 134 153 1.69 1.85 0.857 0.150 0.74 0.83 092 1.03 1.13 123 1.32
45 1.397 0212 0.77 098 1.18 138 1.57 1.74 190 0.684 0.154 0.76 0.85 094 1.05 1.16 127 137
50 1.410 0211 0.79 1.00 120 141 1.60 1.77 193 0481 0.158 0.78 0.87 097 1.08 120 131 142
55 1.397 0209 0.80 1.01 121 142 1.61 178 194 0272 0.162 0.80 0.89 0.99 1.10 123 135 148
60 1.362 0207 0.81 1.02 121 141 161 177 193 0.093 0.167 0.82 090 1.00 1.12 125 138 1.53
65 1.321 0205 0.82 1.01 120 140 159 176 191 -0.023 0.171 0.82 090 1.00 1.12 126 140 1.55
70 1.290 0.204 0.81 1.00 1.18 137 156 172 187 -0.074 0.176 0.81 0.89 099 1.12 126 140 1.56
75 1.276 0.202 0.79 097 1.15 134 151 1.67 182 -0.076 0.180 0.79 0.88 098 1.10 124 1.39 1.55
80 1.276 0202 0.77 094 1.11 129 147 1.62 176 —-0.047 0.185 0.76 0.85 095 1.08 122 137 1.53
85 1.280 0.203 0.74 091 1.08 125 142 156 1.71 -0.004 0.190 0.74 0.83 093 1.06 120 135 1.51
90 1.285 0.203 0.71 0.88 1.04 121 137 151 1.65 0.043 0.195 0.71 0.80 091 1.03 1.18 132 149

L (lambda), skewness; M (mu), median; S (sigma), coefficient of variation

Table 7 Sex- and age-specific percentiles for trunk/appendicular fat mass ratio among Chinese adults aged 20-90 years

Age (years) Males Females
M M

L S 3rd  10th 25th 50th 75th 90th 97th L S 3rd  10th 25th 50th 75th 90th 97th
20 0.869 0.206 0.76 091 1.06 1.22 140 155 1.71 0.237 0.181 0.74 083 093 1.06 1.19 132 1.46
25 0.888 0.214 0.81 097 1.14 133 152 1.70 1.87 0.184 0.186 0.76 0.85 095 1.08 1.23 137 152
30 0.907 0.221 0.85 1.03 122 143 1.65 1.84 2.04 0.132 0.191 0.77 0.87 098 1.11 1.26 142 1.58
35 0.920 0.228 0.89 1.09 1.30 1.53 1.77 198 2.20 0.083 0.196 0.79 0.89 1.00 1.15 1.31 147 1.65
40 0919 0.233 092 1.14 1.37 1.62 188 2.11 234 0.034 0.201 081 092 1.04 1.19 136 153 1.73
45 0.894 0.237 095 1.18 142 1.69 196 221 246 -—-0.018 0206 084 095 1.07 123 142 1.61 1.82
50 0.845 0.240 098 121 146 1.74 2.02 228 255 -0.072 0212 087 098 1.12 129 148 1.69 193
55 0.776 0.243 1.00 123 148 1.76 2.06 233 260 -—-0.114 0.218 089 1.01 1.15 134 1.55 1.78 2.04
60 0.699 0.244 1.02 124 149 177 207 235 264 -0.126 0226 091 1.04 1.18 138 1.60 185 2.13
65 0.640 0.246 1.02 124 148 1.77 2.07 235 265 —-0.099 0233 091 1.04 120 140 1.64 190 2.20
70 0.605 0.247 1.01 123 146 1.74 2.04 233 263 -—-0.035 0242 090 1.04 120 141 1.67 193 224
75 0.592 0.250 0.99 120 143 171 2.00 229 2.58 0.047 0250 0.88 1.03 120 142 1.68 1.95 226
80 0.598 0.252 095 1.16 1.39 1.67 196 224 253 0.139 0.258 086 1.01 1.19 141 1.68 196 2.26
85 0.615 0256 092 1.13 135 1.62 191 219 247 0.238 0.267 082 099 1.17 141 1.68 196 2.26
90 0.633 0.259 0.88 1.09 131 1.58 1.87 2.14 242 0.335 0276 0.79 096 1.16 140 1.68 1.95 2.26

L (lambda), skewness; M (mu), median; S (sigma), coefficient of variation

fifth decade in both sexes. These measures decreased there-
after in males, but remained steady in females.

Figure 4 shows the 50th percentile curves of % BF, %

fat trunk/% fat legs ratio and trunk/appendicular FMR
using the GE-Lunar DXA scanner for white, black, and

Mexican populations in the USA using NHANES refer-
ence data. The 50th percentiles of % BF were consistently
distinctly lower in Chinese males and females; however,
body fat distribution indices for Chinese adults were not
parallel with US data in terms of total FM for either sex.
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Table 8 Sex- and age-specific percentiles for android/gynoid fat mass ratio among Chinese adults aged 20-90 years

Age (years) Males Females
M M

L S 3rd  10th 25th 50th 75th 90th 97th L S 3rd  10th 25th 50th 75th 90th 97th
20 0.095 0.274 024 028 034 041 049 058 0.67 0544 0230 022 026 031 036 042 048 054
25 0.235 0.274 026 031 037 045 054 0.63 0.73 0529 0232 023 027 032 038 044 050 056
30 0375 0.273 0.28 034 041 049 059 0.69 079 0516 0234 024 028 033 039 046 052 058
35 0.513 0.271 030 037 045 054 0.64 074 085 0506 0237 025 029 034 041 047 054 0.61
40 0.645 0.270 032 039 048 058 0.69 0.80 091 0501 0239 026 031 036 043 050 0.57 0.64
45 0.763 0.268 033 042 051 062 074 0.84 095 0493 0241 027 032 038 045 0.53 0.60 0.68
50 0.866 0.267 0.34 043 054 0.65 0.77 088 0.99 0478 0245 028 034 040 048 056 0.64 0.72
55 0948 0.265 0.34 045 055 067 079 090 1.01 0462 0249 030 036 043 051 0.60 0.68 0.77
60 1.005 0.264 035 046 057 0.69 081 092 1.03 0453 0253 031 038 045 054 063 072 0.82
65 1.040 0.264 035 046 058 070 0.83 0.94 1.05 0453 0257 032 039 047 056 0.66 0.76 0.86
70 1.061 0264 035 047 058 071 0.83 095 105 0467 0262 033 040 048 058 068 0.79 0.90
75 1.076  0.265 035 046 058 071 0.84 095 106 0493 0268 033 040 049 059 070 0.81 0.92
80 1.093 0.268 0.34 046 058 071 0.84 095 1.06 0527 0273 033 041 049 0.60 0.71 0.83 0.94
85 1.114 0272 033 046 058 071 0.84 095 1.06 0565 0279 033 041 050 0.61 0.73 0.84 0.96
90 1.137 0275 032 045 057 071 084 095 106 0.603 0285 032 041 050 0.62 074 086 0.98

L (lambda), skewness; M (mu), median; S (sigma), coefficient of variation

Particularly, Chinese men had greater central adiposity (%
fat trunk/% fat legs ratio and trunk/appendicular FMR).
The 50th percentiles of the % fat trunk/% fat legs ratio
and trunk/appendicular FMR were consistently higher
in Chinese males than their US counterparts, with the
exception of similar values in Mexican individuals aged
80-85 years. The 50th percentiles of % fat trunk/% fat
legs ratio were consistently higher in Chinese women than
white American women, whereas these measures were
lower than those of black and Mexican women, except
for black women aged 55-85 years. The 50th percentiles
of trunk/appendicular FMR were consistently higher in
Chinese women than their American counterparts, with
the exception of lower values than Mexican women aged
20-60 years.

Discussion

The present study provides sex- and age-specific curves
and percentiles for LMI, FMI, aLMI, and body fat distri-
bution indices using DXA in Chinese adults. First, to the
best of our knowledge, there are no previous studies estab-
lishing values for LMI, FMI, aLMI, and body fat distribu-
tion indices using DXA based on a large sample of Chinese
adults. Using these percentile values provides more accu-
rate assessments of nutritional status (obesity and sarcope-
nia) for Chinese men and women. Second, in comparison
with white, black, and Mexican populations in the USA

@ Springer

as reported in the NHANES reference data [12], Chinese
adults had lower total FM than their US counterparts, but
regional body fat distribution indices were not parallel with
US data in terms of total FM for either sex. Particularly,
Chinese men had greater central adiposity (% fat trunk/%
fat legs ratio and trunk/appendicular FMR). Moreover,
older white and Mexican populations had relatively greater
decreases for LMI than those of the surveyed Chinese
population.

Values for LMI and FMI by DXA

In the present study, LM and FM were normalized by
height?, similar to BMI, which is weight divided by height?.
LMI, especially aLMI, as a measure of abnormally low
muscle mass has been widely applied in the diagnosis of
sarcopenia [8, 9]. FMI values can be used to assess clinical
obesity as proposed by Kelly [11] for identifying subjects
with high obesity disease risks and for enrolling high-risk
individuals into clinical trials.

Consistent with previous studies [11-13], our data dem-
onstrate sex differences in LM and FM throughout the
entire life span, with males having greater LM and lower
FM than females. Moreover, the patterns of age-related
changes for LM and FM were different in Chinese men
and women. In the present study, the LMI and aLMI for
Chinese men were negatively correlated with age and an
evident decease was observed from the fifth decade. In Chi-
nese women, LMI and aLMI showed no relationship with
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age. Other studies showed both males and females experi-
ence age-related deceases in appendicular LM as measured
by DXA [20] and whole-body LM as measured by MRI
[21], and that males typically experience greater deceases
than females for LM. Previous studies in Asian populations
have shown the prevalence of sarcopenia in men was higher
than that in women [22, 23]; therefore, males may be more
likely to develop sarcopenia than females in Asian popu-
lations. Consistent with the NHANES data [11, 12], FMI
increased with age in Chinese men and women. However,
FMI had no relationship with age in Korean men [13]. Sex
differences in LM and FM are distinct early in life, and
become much more marked during puberty as shown in our
previous study [14]. These sex differences in body compo-
sition may be mainly attributed to the action of sex steroid

hormones, which drive the dimorphisms during pubertal
development [24].

Ethnic differences in body composition have been
reported in previous studies [11, 12]. Compared with their
American counterparts as reported in the NHANES data,
the values of LMI, aLMI, and FMI were distinctly lower
in Chinese males and females, with the exception of simi-
lar values recorded for older Mexican and white individuals
for aLMI and LMI. An interesting finding was that in both
sexes, older white and Mexican populations had greater
deceases for aLMI and LMI than Chinese. Older Chinese
adults today may have performed more physical activities
in their lifetimes than younger Chinese populations because
they may have experienced more difficult living conditions
since early adulthood, thus their muscle mass may be in
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Fig. 4 Comparisons of the 50th percentile curves for % body fat, % fat trunk/% fat legs ratio and trunk/appendicular FMR according to age and
gender for Chinese versus American adults (including white, black, and Mexican adults) from NHANES data. (FMR fat mass ratio)

@ Springer



Eur J Nutr (2017) 56:2393-2406

2405

better condition than that of younger generations. This may
have led to the older Chinese having lower deceases for
LM than expected.

Values for body fat distribution indices

Over and above fat mass per se, the pattern of body fat dis-
tribution is an independent and stronger predictor of health
risk [17, 25]. Previous studies have revealed that android
(namely central, upper body or truncal) adipose deposition
is related with an increased risk of metabolic and cardio-
vascular diseases [17, 26], while gynoid (namely gluteal-
femoral or lower body) fat tissue is associated with reduced
metabolic risk and may be protective against adverse health
effects in both sexes [17, 25].

Sex differences in body fat distribution have been well
studied. In accordance with previous studies [11-13], we
found males accumulated more central adiposity (% fat
trunk/% fat legs ratio and trunk/appendicular FMR) than
females throughout the entire life span, though females
generally have higher total adiposity relative to males.
Ethnic differences in fat distribution have been reported
previously [11, 12], with white and Mexican populations
in the USA having relatively higher central fat than black
populations. Previous investigations in Asian populations
have demonstrated that Asian ethnicity is associated with
higher central adiposity than in Caucasian populations [27,
28], even in childhood [29]. Compared with their American
counterparts, we discovered Chinese adults had distinctly
lower total FM, while the central fat distribution indices
were not parallel with the US data in terms of total FM for
either sex. Particularly, Chinese men had more central adi-
posity. The values and patterns of change in the body fat
distribution indices in Chinese adults were similar to those
of their Korean counterparts [13].

Limitations

There are several potential limitations in this study. First,
the cross-sectional design does not allow for the further
longitudinal assessment of body composition accrual
in individuals. Second, individuals with extreme under-
weight (BMI < 16 kg/m?) or obesity (BMI > 30 kg/m?)
were excluded, and the subjects in this study were not ran-
domly selected, despite the large sample (n = 5688). Thus,
these data may not be representative of the whole national
population. However, we feel that the data were fairly rep-
resentative of the population in terms of median BMI of
both sexes. The median BMI was 22.5 kg/m? for males
and 22.1 kg/m? for females in this study, compared with a
BMI of 22.8 kg/m? for males and 23.3 kg/m? for females
in a randomly selected population of the Working Group

on Obesity in China [30]. Additionally, estimates of body
composition using different DXA scanners may show sub-
stantially different DXA values. Our data are limited only
to results derived from the Lunar Prodigy DXA; these per-
centile curves may be improperly used with results from
other brands of DXA scanners. Finally, caution should be
advised in using the present values because of the differ-
ences in nutritional habits, genetic backgrounds, physi-
cal activity levels, and other lifestyle factors of the study
population.

In conclusion, we present the sex- and age-specific per-
centiles for aLMI, LMI, FMI, and body fat distribution
indices using DXA in Chinese adults. These body com-
position indices may refine the individual assessment of
the nutritional status of adults, and serve as a useful tool
for public health screening with regard to Asian popula-
tions. These indices may also allow comparisons of future
national and international epidemiological studies, as well
as the prevention and recognition of obesity, undernutri-
tion, and sarcopenia.
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