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Background: Total lean body mass (LEAN-tot) is one of the three
major components of body weight. Its deterioration is a risk factor for
frailty. Despite this, there are few studies examining the contribution
of genetic factors.

Objective: Our objective was to examine the contribution of genetic
factors for LEAN-tot variation, including a genome-wide search for
the genes.

Research Methods: Dual-energy x-ray absorptiometry measure-
ments of LEAN-tot were obtained from each of the 3180 United King-
dom females (509 monozygotic and 1081 dizygotic twin pairs). Con-
tribution of genetic factors was assessed using variance component
analysis. A genome-wide linkage analysis was performed on the dizy-
gotic twins using a modified version of the Haseman-Elston method.

Results: Age, body height, total fat, and bone mass were correlated
with LEAN-tot, and commonly explained 52% of the LEAN-tot vari-

ation. The crude heritability estimate was 74.0 = 4.0%, after adjust-
ment for the aforementioned factors; 65.2 + 4.6% was attributable to
independent genetic effects. Significant (P < 0.001) genetic correla-
tions were found between LEAN-tot and bone mass, and LEAN-tot
and total fat. Adjusted only for age, LEAN-tot showed no significant
linkage. After adjustment for all covariates, significant linkage
(LOD = 4.49 and 3.62) was observed at chromosome 12q24.3 and
14q22.3, respectively. Additional peaks of interest were on 7p15.3-
15.1 (LOD = 2.86) and 8p22 (LOD = 2.83).

Conclusions: LEAN-tot measured by dual-energy x-ray absorpti-
ometry is highly heritable, independent of other body measures. This
first genomic search for genes associated with the lean component of
body mass suggests significant linkage to quantitative trait loci on
chromosomes 12 and 14. (J Clin Endocrinol Metab 92: 3171-3176,
2007)

HERE IS A GROWING body of evidence indicating that
all three main components in body composition (bone
mass, lean body mass, and fat mass) are important for good
health, and all three experience age-dependent changes and
degeneration (1-3). The data suggest that although a relative
amount of fat, in general, increases with aging, the other two
components clearly decrease with age, eventually leading to
diminished fitness and growing frailty of the individuals (3,
4). However, although there are extensive published data
concerning the fat and bone mass, data on lean mass are
scarce, despite their significant contribution to various com-
ponents of individual fitness. It has been shown, for example,
that regardless of sex and race, lean body mass is the major
predictor of the left ventricular mass, whereas fat mass con-
tribution is rather minor (1). Several studies proposed that
lean mass affects bone mass more strongly than fat mass (5,
6), and this can be due to common genetic factors (7, 8).
Moreover, some studies even suggested that familial lean
mass resemblance is a genetic mechanism by which femoral
neck bone mineral density is inherited (9, 10).
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Heritability, candidate genes and genome-wide linkage
analyses for bone mass and fat mass have been widely re-
ported in numerous publications (11, 12). Surprisingly, how-
ever, there are only very few studies that examined familial
resemblance of lean mass (13-15). Moreover, we are not
aware of any genome-wide linkage or association study of
lean mass. This may have added importance because sub-
stantial common genetic effects are shared with bone mass
and structure (8, 15).

Dual-energy x-ray absorptiometry (DXA) provides a de-
finitive method of accurately determining these three body
composition components, and allows investigation of their
independent effects on various aspects of human physiology
in normalcy and in pathology (16). The present study used
DXA body composition data in a very large population-
based sample of female twins and provides the first quan-
titative trait loci (QTL) from a genome-wide linkage scan of
total lean body mass (LEAN-tot).

Subjects and Methods
Sample

The data examined in the present study were from the TwinsUK
Adult Twin Registry, described in detail elsewhere (17). All participants
gave written informed consent before entering the study, and the St.
Thomas” Hospital research ethics committee approved the project. The
present study comprised 1018 monozygotic (MZ) and 2162 dizygotic
(DZ) twins having available whole body densitometry data for body
components. All participants were female volunteers ascertained from
the general population through national media campaigns in the United
Kingdom, and unselected for any disease or trait.
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Phenotype

Each individual in the sample was assessed for body weight and
height in addition to body composition measurements. Body composi-
tion was measured using the whole body DXA method, following man-
ufacturer’s recommendations (QDR 4500W system; Hologic, Inc., Bed-
ford, MA). All scan printouts were reviewed by an expert reader to
ensure proper positioning and analysis. The subject lay supine on a bed
and was scanned from head to toe for determination of total bone
mineral density (BMD-tot), total lean tissue (LEAN-tot) mass, and total
fat (FAT-tot) mass, as described by us elsewhere (13). Note that although
LEAN-tot includes mostly muscle mass, it also includes tendons and soft
tissue, such as viscera.

Genotyping

DNA was extracted using the BACC2 DNA extraction kit (Nucleon
Biosciences, Coatbridge, Lanarkshire, UK) from 10 ml venous blood
collected into 1.6 mg/ml EDTA. Genome-wide linkage analysis included
the genotyping of 737 highly polymorphic markers, using standard
fluorescence-based genotyping methodologies (18) from the ABI Prism
linkage mapping set (Applied Biosystems, Foster City, CA), and ordered
according to the combined linkage-physical map of the human genome
(19). Consistencies among genotypes, family relationships, and twin
zygosity were routinely investigated, and this included analysis of pat-
terns of Mendelian inheritance and identity-by-state relationships. Ran-
dom duplicate genotyping was routinely undertaken throughout the
study and indicated a mean genotyping error rate of less than 1% for the
microsatellite genotyping. Discrepant genotypes and MZ twins identi-
fied by this routine were excluded from further analyses.

Statistical analysis

First, all MZ and DZ twin study participants were included in anal-
ysis of distribution and adjustment, using the multiple linear regression
technique (StataCorp, version 9; StataCorp LP, College Station, TX).
Three types of adjustment were undertaken: 1) age and age-derivatives
were used for adjustment of variation of LEAN-tot to obtain the crude
heritability and linkage signal estimates of the trait; 2) to examine the
correlation between the three body composition components, free of
body size effect, each of them was adjusted for age and body height; and
3) LEAN-tot was adjusted for age, height, FAT-tot, and BMD-tot to test
the residuals created at this stage for lean-specific heritability and
linkage.

To estimate heritability, we used quantitative-model fitting to twin
data. Briefly, this approach is based on comparisons of the correlations
between MZ and DZ twin pairs, and allows for the partitioning of
observed phenotypical variance into additive genetic component, and
common and/or unique environmental components (20). In this study
the variance component estimates were obtained by the maximum-
likelihood based method implemented in the MAN-7 software package
(21).

Because our data showed significant correlation between the three
body composition components, we also conducted a bivariate genetic
analysis between each pair of these variables (21). This analysis repre-
sents an extension from univariate to multivariate models, and allows
exploration of the question as to whether the origin of the covariance
between the different variables is genetically and/or environmentally
determined. The general model estimates contribution of the common

TABLE 1. Basic descriptive statistics for MZ and DZ twins
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genetic factors, genetic correlation (rg) and shared environment, envi-
ronmental correlation (rg) between two traits. The statistical significance
of rg and rg was studied using nested models, and examining the change
in x* values between the models. A more detailed description is given
elsewhere (20). We used this analysis to ascertain the extent to which
encountered phenotypical correlations are attributable to common
(pleiotropic) genetic and shared environmental effects. To achieve this,
we estimated rg and rg between the BMD-tot and FAT-tot, both adjusted
for age and body height, as well as between the BMD-tot and LEAN-tot
adjusted for the same covariates.

Linkage analysis

Only DZ twins were examined at this stage. A total of 2162 individuals
with LEAN-tot were genotyped and available for the analysis. Twin pairs
formed independent families. The estimation of the proportion of alleles
shared identical-by-descent (IBD) by a twin pair was obtained using GENE-
HUNTER 2 software (Whitehead Institute, MIT, Cambridge, MA). Multi-
point genome-wide linkage analysis was conducted using generalized lin-
ear modeling in Stata (StataCorp LP). This regression technique is based on
optimal Haseman-Elston methods (22), in which the square of the sibling
difference in LEAN-tot phenotype (adjusted for age and other covariates)
is regressed on the estimated proportion of alleles IBD. This method is
algebraically equivalent to other likelihood techniques (23, 24). The prior-
itized regions were selected if the LOD score obtained was suggestive, i.e.
more than 1.9 (23). The confirmation of the positive results was made by
computing the genome-wide significance level (empirical P value) using a
permutation approach (25). To obtain empirical P value estimates of the
established LOD scores of interest, 1000 permutations of the data sets were
performed for each LOD score, keeping both IBD structure and family
structure intact. To keep twin pairs reserved, we computed the squared
difference for each twin pair, which implies for 1081 DZ twin pairs we
obtain 1081 “squared differences,” i.e. we used the same phenotype as our
phenotype for the genome scan. Phenotype values were permuted among
individuals between the twin pairs. To obtain additional confirmatory
evidence for the presence of the potential QTL in the chromosomal region(s)
showing significant LOD scores, we used a bootstrap approach (26). Ba-
sically, the bootstrap is a procedure that involves choosing random samples
with replacement from a data set and analyzing each sample the same way.
Similarly to permutations, the bootstrap samples were sampled from the
dependent variable consisting of 1081 squared differences. In this study the
random samples of the same size as the original data set were drawn 2000
times with replacement. In each bootstrap replication b (b = 1, . .., 2000),
we conducted a genome scan and each time estimated corresponding LOD
scores.

It should be mentioned that concerning the X-chromosome, female
twins share at least one paternal allele; the oversharing on X-chromo-
some may lead to a different distribution of the test statistic compared
with autosomes. Because “Stata” package does not correct for the afore-
mentioned bias and because of the poor coverage on X-chromosome, we
will not consider X-chromosome associated linkage peaks in this study.

Results
Descriptive statistics and heritability estimates

Table 1 provides the basic descriptive statistics of the stud-
ied traits for MZ and DZ twins separately. All measurements

MZ twins DZ twins
Mean Minimum Maximum SD Mean Minimum Maximum SD
Age (yr) 48.00 18.32 75.66 13.44 46.35 18.41 79.02 12.12
Weight (kg) 64.29 36.80 120.20 11.16 66.36 35.10 140.00 12.57
Height (cm) 162.19 144.00 180.00 6.16 162.74 141.00 191.00 6.20
BMI (kg/mz) 24.45 15.12 46.15 4.10 25.06 13.22 56.88 4.64
LEAN-tot (g) 38,243 23,571 63,309 5,132 39,033 20,884 67,825 5,298
FAT-tot (g) 22,669 5,236 53,307 8,085 23,537 6,281 87,220 9,098
BMD-tot (g/cm?) 1.125 0.790 1.460 0.112 1.144 0.768 1.966 0.112

BMI, Body mass index.

Downloaded from jcem.endojournals.org at King's College London Library Services - Journals on October 12, 2007


http://jcem.endojournals.org



http://jcem.endojournals.org










