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Abstract Genetic factors play an important role in
osteoporosis and obesity, two serious public health
problems in the world. We investigated the relationships
between obesity-related phenotypes, bone mineral den-
sity (BMD) and the CA repeat polymorphism of the /L6
gene in two large independent samples using the quan-
titative transmission disequilibrium test (QTDT). The
first sample consisted of 1,816 individuals from 79
multigenerational pedigrees. Each pedigree was identi-
fied through a proband with BMD Z-scores < —1.28 at
the hip or spine. The second sample was a randomly
ascertained set of 636 individuals from 157 nuclear
families. Ten alleles containing 9-18 CA repeats were
identified in our Caucasian populations. For body mass
index (BMI), fat mass and percentage fat mass (PFM),
highly significant (P <0.01) or significant (P <0.05) re-
sults were found for linkage in our sample of nuclear
families and for association in the multigenerational
pedigrees. We also observed weak evidence for linkage
(P=0.069) with spine BMD and for association with hip
BMD in the sample of multigenerational pedigrees. Our
results suggest that genetic variation in or near the /L6
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Introduction

Osteoporosis is a major public health problem, par-
ticularly for women, who have a 40-50% lifetime risk
of osteoporotic fractures (Melton et al. 1992). Low
bone mineral density (BMD) is an important risk
factor for osteoporotic fractures, and osteoporosis is
mainly characterized by low BMD. It is known that
BMD variation is determined largely by genetic fac-
tors, with heritability estimates ranging from 0.5 to 0.9
(Dequeker et al. 1987; Pocock et al. 1987; Slemeda
et al. 1991; Gueguen et al. 1995; Nguyen et al. 1998;
Deng et al. 1999, 2000). Interleukin-6 (IL6) is a
pleiotropic cytokine that has important effects on
osteoclast differentiation and function (Roodman 1992;
Jilka et al. 1992). IL6 maps to chromosome 7p21. IL6
mRNA expression in bone is enhanced in 95% of
patients with osteoporotic vertebral fractures compared
with 50% of postmenopausal controls (Ralston 1994).
Some have reported an association between polymor-
phisms of the /L6 gene and BMD (Murray et al. 1997,
Tsukamoto et al. 1999; Ferrari et al. 2001; Ota et al.
2001). However, others have reported negative results
(Takacs et al. 2000; Weerakulwattana et al. 2001). In
addition, the /L6 gene locus showed weak linkage with
BMD of the lumbar spine but not of the femoral neck
in Caucasian families in UK (Duncan et al. 1999).
Recently, we performed a whole genome screen in a
sample of 53 pedigrees with 630 Caucasian subjects.
Chromosome 7p22 showed some evidence of linkage to
spine BMD with a multi-point LOD =1.93 (Deng et al.
2002b).



Obesity, usually defined as a body mass index (BMI)
greater than 30 kg/m? is a growing public health
problem (Kopelman 2000). Numerous studies have
indicated that obesity-related phenotypes, including
BMI, are under genetic control with heritability esti-
mates ranging from 0.5 to 0.9 (Borecki et al. 1998;
Nguyen et al. 1998; Rice et al. 1999; Deng et al. 2001).
Chromosome 7pl5-22, where the /L6 gene is located,
showed suggestive evidence of linkage to BMI in an
Asian population (LOD=2.66, at marker D7S3051)
(Wu et al. 2002), and 7p22 showed marginal evidence for
linkage to BMI in a French population (MLS=1.27, at
marker D7S517) (Hager et al. 1998). Recently, we per-
formed another whole genome screen in the sample of 53
pedigrees with 630 Caucasian subjects. Chromosome
7p22 showed some evidence of linkage to lean mass with
a multi-point LOD=1.52 (Deng et al. 2002a). Circu-
lating IL6 levels have been reported to be elevated in
obese people, and correlated with BMI (Vgontzas et al.
1997). IL6-deficient mice develop mature-onset obesity
(Wallenius et al. 2002). However, to our knowledge, few
studies have examined the relationship between poly-
morphisms of the /L6 gene and obesity-related pheno-
types (Rankinen et al. 2002). Recently, Berthier et al.
(2003) observed a significant effect of the IL6 variant on
obesity. The —174G allele was more commonly observed
among lean subjects (low BMI and low waist circum-
ference), with carriers of the —174C allele being char-
acterized by a larger waistline.

The aim of the present study was to test for linkage
and association between BMD, obesity-related pheno-
types, and the CA repeat polymorphism of the /16 gene
in two large independent samples with different study
designs using the quantitative transmission disequilib-
rium test (QTDT) (Rabinowitz 1997; Fulker et al. 1999;
Abecasis et al. 2000a, 2000b).

Subjects and methods

Subjects

The study subjects came from an expanding database being created
for a whole genome linkage study aimed at searching for genes
underlying osteoporosis and obesity that is underway in the Oste-
oporosis Research Center of Creighton University. All the study
subjects were Caucasians of European origin. Only healthy people
were included in the analyses. The exclusion criteria are detailed in
Deng et al. (2002a). The study included two groups of subjects. The
first group of subjects was composed of 1,816 individuals from 79
multigenerational pedigrees. Each pedigree was identified through
a proband with BMD Z-scores < —1.28 at the hip or spine so that
the probands were selected from the bottom 10% of the population
BMD variation with the purpose of achieving higher statistical
power than with random sampling. In total, there were 3,393 sib-
ling pairs, 316 grandparent-grandchild pairs, and 10,060 first-cou-
sin pairs. The second group was a randomly ascertained set of 636
individuals from 157 nuclear families, in which 62 families have one
child, 43 families two children, 34 families three children, and the
remainder four or more children. The study was approved by the
Creighton University Institutional Review Board. All subjects
participating in this study signed informed-consent documents
before entering the project.
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Genotyping

DNA was extracted from whole blood using a commercial isolation
kit (Gentra Systems, Minneapolis, Minn., USA) following the
procedures detailed in the kit. The dinucleotide (CA) repeat poly-
morphism of the /L6 gene locus was genotyped. PCR primers were
IL6-CAF, 5-TTCTACATGACAGCAGAACAC-3’, and IL6-
CAR, -TCTGTGGGAAAGTATATGTGC-3") (Ota et al. 1999).
The forward primer was labeled at the 5" terminus with a fluores-
cent tag. PCRs were performed in a final volume of 8 ul, containing
IXPCR buffer, 1.5 mM MgCl,, 200 uM each dNTP, 0.06 U Taq
Polymerase (Applied Biosystems, Foster City, CA, USA), 0.4 uM
each of the two primers, ~50 ng of genomic DNA. Amplification
conditions were ten cycles at 95 °C for 15 s, 55 °C for 15 s, and
72 °C for 30 s, followed by 20 cycles of 89 °C for 15 s, 55 °C for
15's, and 72 °C for 30 s. Prior to the first cycle, initial denaturation
was performed at 94 °C for 10 min and the last cycle was followed
by an extension step of 10 min at 72 °C. PCR products were sep-
arated by electrophoresis on an ABI 3700 DNA Analyzer (Applied
Biosystems, Foster City, CA, USA). Gels were analyzed using the
GeneScan and Genotyper softwares (Applied Biosystems, Foster
City, CA, USA). The program PedCheck (O’Connell and Weeks,
1998; available at http://watson.hgen.pitt.edu/register/soft_-
doc.html) was employed for verifying Mendelian inheritance of all
the marker alleles and for checking the relationships of family
members within pedigrees.

Phenotyping

BMD at the spine (L1-4) and hip (femoral neck, trochanter and
intertrochanter), fat mass, and lean mass were measured by a
Hologic 1000, 2000 +, or 4500 scanner (Hologic, Waltham, Mass.).
Hip and spine were chosen because they are the most common
osteoporotic fracture sites. The measurement precision as reflected
by coefficients of variation for spine BMD, hip BMD, fat mass, and
lean mass were 0.7%, 1.0%, 1.2%, and 0.7%, respectively. Data
obtained from different machines are transformed to a compatible
measurement by an algorithm as in our previous studies (Recker
et al. 2000) and members of the same pedigree usually are measured
on the same type of machine. Weight and height were measured at
the same visit when the BMD measurements were taken. BMI and
percentage fat mass (PFM) were calculated.

Statistical analyses

A commonly used test for linkage and association in family data is
the transmission disequilibrium test (TDT) for qualitative traits.
This test has been extended to quantitative traits (Abecasis et al.
2000a), multi-allelic markers, and extended pedigrees (Abecasis
et al. 2000b). We performed tests for population stratification,
association (multi-allelic association test, association test within
family and total association test), and linkage between the CA
repeat polymorphism of the /L6 gene, with BMDs at the spine and
hip, obesity-related phenotypes including BMI, fat mass, and PFM
using the quantitative transmission disequilibrium test (QTDT)
program (Rabinowitz 1997; Fulker et al. 1999; Abecasis et al.
2000a, 2000b; available at http://www.well.ox.ac.uk/asthma/
QTDT). The test of population stratification evaluates if the be-
tween-family component is equal to within-family component.
Multi-allelic association included all alleles in one test as a cate-
gorical variable with allele frequencies of < 5% being pooled. Total
association tests include three categorical variables, representing
homozygoous alleles, heterozygous alleles, and the remaining
pooled genotypes, respectively. Total association evaluates the total
evidence for association at population level and is not a TDT. It
can produce misleading results in the presence of population stra-
tification. Association test within family is a TDT and is not subject
to population stratification. Linkage analysis in the QTDT is based
on the identity-by-descent (IBD) relationship of genotypes among
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sib pairs. These tests were all developed under a variance compo-
nent framework. The QTDT program generates P values for var-
jous tests via asymptotic »* distributions. In all the statistical
analysis, age and sex have been used as covariates (if having sig-
nificant effects in our sample) to adjust for BMI, fat mass, and
PFM, whereas age, sex, height, and weight were used as covariates
to adjust for raw BMD values (not the Z-scores). These factors
generally affect BMD and obesity-related phenotype variation
significantly (Deng et al. 2001). Generally, adjustment for signifi-
cant covariates in genetic analyses can increase the genetic signal to
noise ratio by decreasing the proportion of the residual phenotypic
variation attributable to random environmental factors (Deng et al.
2000). This can improve statistical power in our linkage and/or
association analyses.

Results

The basic characteristic of the study subjects stratified by
age and sex are summarized in table A and table B of the
Appendix.

Allele frequency distribution of the CA repeat
polymorphism in our samples

Allele frequency of the CA repeat polymorphism at the
IL6 gene locus in multigenerational pedigrees and nu-
clear families are presented in Table 1. Ten different
alleles were found in our Caucasians populations. Their
sizes ranged from 116 to 134 bp, which differ from the
Japanese in a previous study (Ota et al. 1999), where six
alleles ranging in size from 124 to 134 bp were observed.

The CA repeat polymorphism of the /L6 gene
and obesity-related phenotypes

For the sample of the nuclear families, tests for linkage
yielded significant results for BMI, fat mass (P <0.01),
and PFM (P <0.05) (see Table 2). Although the 17-re-
peat allele (132 bp) was consistently associated with
higher BMI (P <0.05), higher fat mass (P<0.05), and
higher PFM (P <0.1) in total association test, popula-
tion stratification and association within family at the
allele were not tested because of low allele frequency.

Furthermore, multi-allelic association tests were not
significant.

For the sample of the multigenerational pedigrees,
tests for linkage are not significant for BMI, fat mass and
PFM (Table 2). When testing for association within
family, significant results were detected for fat mass and
PFM at the 15-repeat allele (128 bp) (P<0.01) and
11-repeat allele (120 bp) (P <0.05). Notably, because
population stratification for fat mass and PFM was
detected for the 11-repeat and 15-repeat alleles, total
association tests for these two alleles were not significant.

The CA repeat polymorphism of the /L6 gene and BMD

For the sample of the multigenerational pedigrees, the CA
repeat polymorphism of the /L6 gene was weakly linked
to spine BMD (P=0.069) (see Table 3). Also, a weak
association was found between the hip BMD and 11-re-
peat (P=0.06) and 15-repeat (P=0.088) alleles in the
association tests within family. For the sample of nuclear
families, no significant results were observed for linkage,
multi-allelic association, and association within family.
Although total association tests for spine and hip BMD at
the 16-repeat allele (130) were significant, population
stratification and association within family at the allele
were not tested because of low allele frequency. Further-
more, multi-allelic association tests were not significant.

Discussion

Since Morrison et al. (1994) reported an association
between the vitamin D receptor gene and spine and hip
BMD, numerous association studies have been de-
scribed, with conflicting results (Audi et al. 1999; Rizzoli
et al. 2001; Ralston 2002; Huang et al. 2003). Most of
these studies used the association study approach in
random population samples. The association study ap-
proach may yield spurious positive or spurious negative
associations between complex traits and candidate genes
because of population admixture and stratification
(Deng 2001). QTDT can largely eliminate effects of

Table 1 Allele frequency distribution of the CA repeat polymorphism at the/L6 gene locus in Caucasian and Japanese populations

IL6 alleles (bp) CA repeat no. Frequency (%)

Multigenerational pedigrees

Nuclear families Japanese population (Ota et al. 1999)

116 9 0.41
118 10 8.76
120 11 32.44
122 12 23.07
124 13 0.75
126 14 30.58
128 15 1.66
130 16 1.83
132 17 0.33
134 18 0.17

0.31 -
7.57 -
32.35 -
25.28 -
0.78 15
30.28 62
1.4 3
1.25 7
0.78 8
- 5
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Table 2 y° statistics obtained
from QTDT analysis of the /L6
gene and obesity-related

1L6 alleles (bp)

Multigenerational pedigrees Nuclear families

phenotypes. A blank entry BMI Fat mass PFM BMI Fat mass PFM

indicates lack of the allele in the - - -

sample; a dash indicates not Tests of population stratification

tested because the frequency of 110 0.17 0.00 0.09 - - -

the allele is less than 5%: 118 0.03 0.34 0.00 0.35 0.05 0.02

asterisks indicate significant 120 1.64 4.07** 3.10* 0.02 0.00 0.41

values }%i 2.83*%  5.39%* 3.38* 0.59 1.01 0.81
126 0.27 1.27 0.82 0.95 1.62 0.32
128 2.63 3.27* 3.82% - - -
130 1.25 0.06 0.07 - - -
132 - - - - - -
134 - - -

Total association tests
116 0.19 0.12 0.38 0.01 0.11 0.04
118 0.01 0.45 0.01 0.33 0.25 0.52
120 0.48 0.49 0.99 0.40 0.48 0.44
122 0.10 0.02 0.06 0.20 0.05 0.15
124 0.63 1.78 3.57* 0.24 0.85 0.73
126 1.11 2.08 0.36 0.21 1.39 1.65
128 1.07 3.08* 2.50 0.38 0.31 0.01
130 0.67 0.40 0.06 0.50 0.17 0.33
132 2.70 2.76* 3.21% 6.09%* 5.43%* 3.32%
134 0.05 0.89 0.61
Association tests within family
116 0.35 0.10 0.47 - - -
118 0.03 0.78 0.00 0.03 0.01 0.07
120 1.92 3.58%** 3.69%* 0.06 0.19 0.80
122 0.77 1.96 1.85 0.78 0.51 0.29
124 - - - - - -
126 1.24 3.31% 1.13 0.31 0.18 0.04
128 3.51%  6.35%%* 6.23%*% - -
130 1.87 0.39 0.13 - - -
132 - - - - - -
134 - - -
L Multi-allelic association tests

*Significant at the level of 0.10 5.15 8.46% 561 0.89 0.78 0.96

**Significant at the level of 0.05 Linkage tests

***Significant at the level of 0.34 0.94 0.15 7 3k § .93k 5.94%%

0.01

stratification caused by population association (Rabi-
nowitz 1997; Fulker et al. 1999; Abecasis et al. 2000a,
2000b). On the other hand, linkage and association are
two distinct and complementary methods for gene
detection. Allowing for the presence of linkage disequi-
librium may increase the linkage information provided
by the sample pedigree, and vice versa. Therefore, both
types of tests should be conducted on the same complete
set of all available data (Terwilliger and Go6ring 2000).
In this study, we have tested linkage and association
between the CA repeat polymorphism of the /L6 gene
and BMD, BMI, fat mass, PFM using the QTDT in two
large independent samples with different study designs.
We found weak evidence for linkage with spine BMD
and for association with hip BMD in the sample of
multigenerational pedigrees. For BMI, fat mass, and
PFM, highly significant (P<0.01) or significant
(P <0.05) results were observed for linkage in the sam-
ples of nuclear families and for association in the mul-
tigenerational pedigrees. By testing for association and
linkage, our results provide strong evidence that genetic
variation in or near the /L6 locus is involved in the
etiology of obesity and weak evidence for osteoporosis.

IL6 is involved in a variety of metabolic processes,
including glucose and lipid metablism (Mohamed-Ali
et al. 1998), down-regulation of adipocyte lipoprotein
lipase in mice (Greenberg et al. 1992) and stimulation of
acute protein synthesis (Papanicolaou et al. 1998). One
third of circulating IL6 levels has been estimated to
originate from adipose tissue (Mohamed-Ali et al. 1997;
Xing et al. 1997). The role of the IL6 gene in the etiology
of obesity is controversial. Circulating IL6 levels have
been reported to be elevated in obese people, and
correlated with BMI (Vgontzas et al. 1997). The IL6
—174G/C polymorphism is associated with some indices
of body composition and parameters of glucose and
insulin homeostasis in French-Canadian men (Berthier
et al. 2003). Chromosome 7pl15-22 showed some evi-
dence of linkage to obesity-related phenotypes in several
genomescan linkage studies (Hager et al. 1998; Wu et al.
2002; Deng et al. 2002a). However, IL6-deficient mice
develop mature-onset obesity (Wallenius et al. 2002). In
this study, significant results were found for both linkage
and association for BMI, fat mass and PFM. Given
the propensity for association studies to produce false
positive or false negative results, the findings from the
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Table 3 y° statistics obtained
from QTDT analysis of the /L6
gene and BMD. A blank entry

1L6 alleles (bp)

Multigenerational pedigrees Nuclear families

indicates lack of the allele in the Spine BMD Hip BMD Spine BMD Hip BMD

sample; a dash indicates not - - -

tested because the frequency of Tests of population stratification

the allele is less than 5%; 116 1.41 0.56 N -

asterisks indicate significant 118 0.21 0.00 2.99% 1.55

values 120 0.00 1.57 0.50 0.49
122 0.00 2.78* 0.74 1.49
124 — — — —
126 0.13 0.30 0.20 1.89
128 0.18 1.66 - -
130 0.73 0.18 - -
132 - - - -
134 - -

Total association tests
116 0.22 0.93 0.05 0.09
118 0.22 0.70 1.69 0.75
120 0.19 1.91 2.18 0.92
122 0.03 0.21 0.43 1.59
124 3.66* 1.22 0.15 1.54
126 0.06 0.00 0.85 0.40
128 0.03 1.32 0.22 1.09
130 0.02 0.55 12.05%** 3.82%*
132 0.12 0.00 0.02 2.76*
134 0.02 0.93
Association tests within family
116 0.07 0.23 - -
118 0.00 0.42 0.34 0.24
120 0.08 3.48%* 2.15 1.30
122 0.01 1.9 1.17 3.01%
124 - - - -
126 0.01 0.15 0.04 0.55
128 0.17 2.92% - -
130 0.47 0.08 - -
132 — - — -
134 - -
Lo Multi-allelic association tests

*Significant at the level of 0.10 0.41 4.91 2.73 3.61

**Significant at the level of 0.05 Linkage tests

***Significant at the level of 3.30% 1.58 0.91 0.18

0.01

initial study should be replicated using an independent
sample (Cooper et al. 2002). Although we found a sig-
nificant result of linkage of the CA repeat polymorphism
of the /L6 gene with BMI, fat mass, and PFM in the
sample of nuclear families, this finding is not replicated
in the sample of 79 multigenerational pedigrees. Failure
of replication of the study may be due to different sets of
genes operating in different populations or a false posi-
tive result (Rao 2001). Similarly, we found significant
association between the CA repeat polymorphism of the
IL6 gene and fat mass and PFM in 79 multigenerational
pedigrees in the association tests within family. How-
ever, in the sample of nuclear families, results of asso-
ciation tests within the family were not significant,
presumably reflecting the lack of linkage disequilibrium
between the polymorphism and the functional variation
in this population. The extent of linkage disequilibrium
varies widely across the populations (Pritchard and
Przeworski 2001). Notably, significant population
stratification was detected for the 11-repeat and 15-
repeat alleles in the sample of the multigenerational
pedigrees (Table 2). Interestingly, total association tests

for these two alleles were not significant, whereas sig-
nificant results were detected for fat mass and PFM at
the 15-repeat allele (128 bp) (P <0.01) and 11-repeat
allele (120 bp) (P <0.05) when testing for association
within family. These results highlighted the advantage
and robustness of the TDT test. To our knowledge, few
studies have examined the relationship between poly-
morphisms of the /L6 gene and obesity-related pheno-
types (Rankinen et al. 2002; Berthier et al. 2003).
Therefore, our results may be regarded as provisional,
and further validation studies in other populations need
to be pursued (Cooper et al. 2002).

Murray et al. (1997) reported a significant relation-
ship between BMD and a variable number tandem re-
peat (VNTR) polymorphism in the 3’ flank of the /L6
gene among women living in the northeast of Scotland.
However, Takacs et al. (2000) found no evidence for
either linkage or association between the VNTR poly-
morphism of the /L6 gene locus and BMD of the spine
or hip in either Caucasians or African Americans.
Tsukamoto et al. (1999) and Ota et al. (1999) described
association of the CA repeat polymorphism of the /L6



gene with radial BMD, as well as genetic linkage of the
IL6 locus to human osteopenia, by means of sib-pair
analysis. Subsequently, they identified three single-
nucleotide polymorphisms within the 5" regulatory re-
gion of the /L6 gene in a Japanese population sample,
and found a significant correlation, in 470 subjects, be-
tween the presence of the G allele at the nucleotide —634
in the promoter region of the /L6 gene and decreased
BMD (Ota et al. 2001). Moreover, Ferrari et al. (2001)
found that a functional G — C polymorphism at posi-
tion —174 in the /L6 gene promoter was associated with
low bone resorption and less decrease in bone mass in
postmenopausal women. In addition, the /L6 gene locus
showed weak linkage with BMD of the lumbar spine but
not of the femoral neck in Caucasian families in the UK
(Duncan et al. 1999). In this study, we found weak evi-
dence of linkage with spine BMD (P=0.069) and asso-
ciation with hip BMD in the sample of the extended
multigenerational pedigrees, which was consistent with
our previous whole genome screen results, where 7p22
showed some evidence of linkage to spine BMD with a
multi-point LOD=1.93 (Deng et al. 2002b). On the
other hand, linkage analyses in the QTDT are based on
the identity-by-descent (IBD) of sibpairs. Only 100 nu-
clear families with more than one child in our nuclear
families are involved in linkage analyses, so the power
of the linkage test in nuclear families is limited. Our

435

results support the hypothesis that the /L6 locus is
involved as a determinant of BMD, although the /L6
locus is unlikely to play a major role in the pathogenesis
of osteoporosis.

A positive association between BMI and BMD has
been documented in a number of studies (Felson et al.
1993; Ravn et al. 1999; Ertungealp et al. 1999; Nguyen
et al. 2000). Some studies have employed BMI to ad-
just BMD (Bendavid et al. 1996). In the present study,
we have demonstrated that the CA repeat polymor-
phism of the /L6 gene is related to BMD and obesity-
related phenotypes. Therefore, the /L6 gene may be a
shared genetic locus for BMI and BMD. Future
studies may focus on identification of functional
mutation(s) and elucidation of the mechanism of the
association.
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Appendix The basic characteristics of 1,816 subjects from 79 multigenerational pedigrees are listed in table A below. The data for each
entry in columns 3-11 are: the mean, SD (in parentheses), and the sample size [in brackets]. For each age strata, M and F indicate data

from males and females, respectively

Age groups Sex Ages Height Weight Spine BMD Hip BMD BMI Fat mass Lean mass PFM (%)
(years) (years) (m) (kg) (g/m?) (g/m?) (kg/m*)  (kg) (kg)
20-29.99 M 250(2.8) 1.81(0.07) 858 (15.7) 1.10(0.13) 1.10 (0.15) 26.2 (4.5) 18.7(9.4) 66.5(9.2) 21.0(7.1)
[85] (34] [83] [85] [85] [83] [82] (82] [82]
F 25.6 (2.9) 1.66 (0.06) 66.9 (13.5) 1.06 (0.18) 0.97 (0.13) 24.3(5.0) 22.0(8.5) 44.5(5.8) 32.2(7.2)
[126] [126] [126] [125] [126] [126] [121] [121] [121]
30-39.99 M  355(2.8) 1.79(0.07) 89.0(14.3) 1.08 (0.13) 1.06 (0.13) 27.6 (4.0) 21.3(8.2) 67.3(8.2) 23.4(6.1)
[137] [134] [134] [137] [137] [134] [127} [127] [127]
F 358 (2.7) 1.67(0.07) 70.7 (14.4) 1.07 (0.13) 0.97 (0.14) 25.5(5.1) 248 (9.7) 462 (6.6) 339 (7.4
[210] [210] [208] [210] [210] [208] [201] [201] [201]
40-49.99 M  45129) 1.79(0.07) 90.3 (13.5) 1.08 (0.15) 1.06 (0.15) 28.2(3.8) 229(7.3) 67.3(8.0) 249 (5.2)
[184] [182] [182] [184] [184] [182] [176] [176] [176]
F 447 (2.9) 1.65(0.06) 72.7 (16.1) 1.05(0.14) 0.94 (0.14) 26.8 (5.5) 26.6 (10.1) 45.6 (6.7)  35.8 (6.8)
[222] [222] [222] [222] [220] [221] [210] [210] [210]
50-59.99 M 542(3.0) 1.77(0.11) 90.7 (13.4) 1.09 (0.15) 1.04 (0.13) 28.8(4.0) 24.2(7.5) 66.5(8.2) 26.3(5.1)
[102] [102] [102] [102] [102] [101] [99] [99] [99]
F 542 (3.1) 1.64(0.05) 76.2(15.9) 1.01 (0.15) 0.94 (0.14) 28.4(5.5) 30.1 (9.9 46.3(6.7) 38.5(6.0)
[120] [120] [120] [120] [120] [120] [115] [115] [115]
60-69.99 M  650(2.8) 1.77(0.07) 90.6 (14.9) 1.09 (0.20) 1.00 (0.15) 29.0 (4.4) 239 (7.4) 66.1 (8.3) 26.0 (4.9)
[52] [52] [52] [51] [52] [52] [50] [50] [50]
F 64.9 (3.0) 1.62(0.06) 77.4(17.4) 0.96 (0.19) 0.88 (0.17) 29.3(6.4) 31.5(10.8) 46.0(7.7) 39.7 (6.4)
[87] (87] [85] (87] (36] [85] [79] [79] [79]
70-79.99 M 741 2.7 1.74(0.06) 87.3(12.5) 1.14(0.22) 1.00 (0.14) 28.7(4.0) 24.8(79) 61.6 (6.5 28.2(5.7)
[53] [53] [53] [53] [53] [53] [52] [52] [52]
F 74.3 (2.9) 1.60 (0.06) 74.9 (13.6) 0.96 (0.21) 0.86 (0.17) 29.0(5.4) 299 (8.6) 444 (57) 39.6(5.2)
[54] [54] 51] [54 54] [51] [52] [52] [52]
80-89.99 M  83.1(25) 1.71(0.08) 83.6(11.8) 1.14(0.25) 0.92 (0.10) 28.5(3.6) 23.6(4.8) 59.7(7.4) 28.2 (3.5
[14 [14] 14] [14] 13] [14] [13 [13] [13]
F 83.1 (2.5) 1.56(0.07) 73.3(15.3) 1.03(0.22) 0.79 (0.13) 30.3(6.2) 30.0(9.7) 43.1(59) 399 (6.2)
[18] [18] [18]
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The basic characteristics of 636 subjects from 157 nuclear families are listed in table B below. The data for each entry in columns 3-11 are:
the mean, SD (in parentheses), and the sample size [in brackets]. For each age strata, M and F indicate data from males and females,

respectively
Age groups Sex Ages Height Weight Spine BMD Hip BMD BMI Fat mass  Lean PFM (%)
(years) (vears) (m) (kg) (g/m?) (g/m?) (kg/m?)  (kg) mass (kg)
19-30 M  234@3.2) 1.79(0.05) 83.0(13.4) 1.06(0.12) 1.12 (0.16) 259 (4.1) 18.0(7.8)  63.1 (7.6) 21.0 (6.1)
[52] [52] [52] [52] [52] [52] [52] [52] [52]
F 24.5 (3.8) 1.66 (0.06) 68.3 (17.6) 1.06 (0.13)  0.98 (0.12) 24.8(5.9) 23.0(12.0) 44.0(8.7) 32.3(7.6)
[75 [74] 74] [75] [74] [74] [73] [73] [73]
31-40 M  355(3.0) 1.81(0.07) 94.4(20.8) 1.09(0.10) 1.08 (0.12) 289 (6.6) 21.4(10.2) 67.2(7.9) 22.5(6.9)
[22 [22] 22] 21] [21] [22] 21} [21] [21]
F 358 (2.8) 1.66 (0.06) 69.3 (17.2) 1.03(0.12) 093 (0.12) 25.1(59) 242 (11.3) 43.2(7.0)0 33.6(7.7)
[61] [61] 61] [61] [61] [61] [60] [60] [60]
41-50 M 46.3(3.0) 1.80(0.06) 90.5(13.9)  1.10(0.19) 1.06(0.15)  28.1(4.2)  23.2(9.3) 65.1(7.5)  25.0(6.9)
[40] [40] [40] [39] [40] [40] [40] [40] [40]
F 458 (2.8) 1.66 (0.06) 71.6 (15.7) 1.06 (0.13)  0.95(0.14) 26.0 (54) 258 (9.8) 43.8(5.9) 35.0(6.5)
[98] [98] [98] [98] [98] [98] [98] [98] [98]
51-60 M 553((2.8) 1.76 (0.07) 91.4(16.9) 1.06 (0.19) 1.04 (0.16) 29.4 (5.3) 23.7(7.2) 63.8(8.6) 26.0(4.7)
[54] [54] [54] [53] [53] [54] [52] [52] [52]
F 547 (3.0) 1.63(0.06) 73.8(14.5) 0.99(0.14) 090 (0.13) 27.7(5.0) 28.7 (9.6) 43.4(6.3) 38.0(6.1)
[66] [66] [66] [66] [65] [66] [65] [65] [65]
61-70 M 649 (2.8) 1.77(0.05) 92.1(16.2) 1.05(0.18) 1.02 (0.12) 293 (45) 259 (9.1) 622(6.7) 27.9(5.8)
[36] [36] 36] [35] 35] [36] [35] [35] [35]
F 654 (2.9) 1.64(0.05) 72.7(16.2) 0.95(0.18)  0.85(0.13) 27.0(5.5) 28.4(10.7) 42.7(6.3) 38.0(7.0)
[46] [46] 46] [46] 46] [46] [46] 46] [46]
71-80 M 749 (2.7) 1.75(0.06) 86.6(15.7) 1.07(0.19) 098 (0.16) 28.1(4.4) 238 (7.3) 59.4(7.7) 269 (4.2)
[30] [30] [30] [30] [30] [30] [30] [30] [30]
F 75 (2.9) 1.61 (0.07) 67.6 (2.6) 091 (0.19)  0.77 (0.14) 26.1 (4.5) 263 (7.1) 39.8(5.8) 38.3(4.6)
[34] [34] [34] [34] [34] [34] [34] [34] [34]
81-90 M 829(22) 1.73(0.09) 81.9(17.4) 1.17(0.32) 1.00 (0.17) 27.2(5.3) 21.0(9.5) 56.5(8.8) 25.0(7.8)
[12] [12] [12] [12] [12] [12] [11] [11] [11]
F 83.6 (2.0) 1.56 (0.06) 66.5(16.0) 0.92(0.23)  0.76 (0.22) 27.3(6.2) 26.1 (11.4) 38.8(5.4) 37.6(9.4)
(8] (8] (8] (3] (8] (8] (3] (8] (8]
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