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ABSTRACT: Androgen receptor (AR) CAGn (polyglutamine) and

GGNn (polyglycine) repeat polymorphisms determine part of the

androgenic effect and may influence adiposity. The association of fat

mass, and its regional distribution, with the AR CAGn and GGNn

polymorphisms was studied in 319 and 78 physically active nonsmoker

men and women (mean 6 SD: 28.3 6 7.6 and 24.8 6 6.2 years old,

respectively). The length of CAG and GGN repeats was determined by

polymerase chain reaction and fragment analysis, and confirmed by

DNA sequencing of selected samples. Men were grouped as CAG short

(CAGS) if harboring repeat lengths #21, the rest as CAG long (CAGL).

The corresponding cutoff CAG number for women was 22. GGN was

considered short (GGNS) if GGN #23, the rest as GGN long (GGNL). No

association between AR polymorphisms and adiposity or the hormonal

variables was observed in men. Neither was there a difference in the

studied variables between men harboring CAGL + GGNL, CAGS +
GGNS, CAGS + GGNL, and CAGL + GGNS combinations. However, in

women, GGNn was linearly related to the percentage of body fat (r 5

0.30, P , .05), the percentage of fat in the trunk (r 5 0.28, P , .05),

serum leptin concentration (r 5 0.40, P , .05), and serum osteocalcin

concentration (r 5 0.32, P , .05). In men, free testosterone was

inversely associated with adiposity and serum leptin concentration, and

positively with osteocalcin, even after accounting for differences in

CAGn, GGNn, or both. In summary, this study shows that the AR repeat

polymorphism has little influence on absolute and relative fat mass or its

regional distribution in physically active men. In young women, GGN

length is positively associated with adiposity, leptin, and osteocalcin.
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T estosterone, osteocalcin, and leptin are 3 of the

main hormones regulating fat mass in humans. The

association between these hormones and fat mass may

be modulated by polymorphic variations in the andro-

gen receptors (AR; Zitzmann et al, 2003; Guadalupe-

Grau et al, 2010b, 2011; Nielsen et al, 2010).

The AR gene contains a polyglutamine tract encoded

by CAG repeats and a polyglycine tract (GGN) encoded

by (GGT)3GGG(GGT)2(GGC)n. In vitro experiments

have shown that elimination of the CAG tract in both

human and rat AR resulted in elevated transcriptional

activation activity, whereas an expansion of the CAG

repeat in human AR caused a linear decrease of

transactivation function (Chamberlain et al, 1994), and

reduced transcriptional potential (Tut et al, 1997; Lee

and Chang, 2003). The length of the GGN tract

(number of glycine residues) is linearly and inversely

associated with AR protein content in cell cultures

(Ding et al, 2005), and longer GGN tracts result in a

linearly reduced AR activity per cell (Ding et al, 2005).

Body fat accumulation and its regional distribution are

in part determined by sex hormones. In men, fat mass

and abdominal obesity are associated with reduced

circulating androgens (Khaw and Barrett-Connor, 1992;

Phillips et al, 2003), whereas testosterone has an

antiobesity effect (Mauras et al, 1998; Rolf et al, 2002;

Woodhouse et al, 2004). In women, increased circulating

androgens have been associated with both abdominal

obesity (Hauner et al, 1994; Garaulet et al, 2000) and

reduced visceral fat (Turcato et al, 1997).
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Previous studies in men from Germany (Zitzmann

et al, 2003) and Denmark (Nielsen et al, 2010) reported

a positive association between CAGn and fat mass

assessed with bioimpedance (Zitzmann et al, 2003),

dual-energy x-ray absorptiometry (DXA; Nielsen et al,

2010), and magnetic resonance imaging (MRI; Nielsen

et al, 2010). It has been suggested that these findings

need to be confirmed in other cohorts (Nielsen et al,

2010). Moreover, the potential interactions between

CAG and GGN repeat polymorphism combinations

and fat mass have not been studied.

The osteoblasts’ produced hormone osteocalcin is

also a negative regulator of fat mass (Ferron et al, 2008).

A negative association between osteocalcin with fat

mass and serum leptin has been reported in cross-

sectional studies (Guadalupe-Grau et al, 2009; Kind-

blom et al, 2009; Pittas et al, 2009); and osteocalcin

blunts the expected increase in leptin concentration with

fat mass accumulation in humans (Guadalupe-Grau

et al, 2010a). Serum osteocalcin levels are also associated

with testosterone levels in women (Guadalupe-Grau

et al, 2009; Ahn et al, 2010), and in males osteocalcin

stimulates testosterone production by acting on the

Leydig cells (Oury et al, 2011).

Therefore, osteocalcin may act as a confounder,

masking a potential relationship between AR polymor-

phism and fat mass phenotype in humans. Likewise,

physical activity and fitness (Nielsen et al, 2010;

Serrano-Sanchez et al, 2010; Wang et al, 2010) may

also influence the relationship between AR polymor-

phism and the fat mass phenotype.

The aim of this study was to determine if AR

polymorphisms are associated with fat mass and its

regional distribution in young men and women,

assessing how this relationship is influenced by osteo-

calcin and cardiorespiratory fitness (V̇o2max). We

hypothesized that men and women with high CAG

and GGN repeat lengths would have increased fat mass

after accounting for free testosterone, osteocalcin, and

V̇o2max as confounding variables.

Materials and Methods

Subjects

Three hundred nineteen Caucasian men and 78 women agreed

to participate in this study. Men and women were (mean 6

SD) 28.3 6 7.6 and 24.8 6 6.2 years old, and their respective

body weight, height, and percentage of body fat were 77.8 6

10.2 and 59.8 6 7.5 kg, 176.8 6 5.6 and 164.5 6 5.9 cm, and

18.8% 6 7.4% and 28.0% 6 6.4% in men and women,

respectively. They were recruited from physically active

university students, sports clubs, and local police officers in

Gran Canaria (Spain). Recruitment started in February 2003

and extended to March 2010. All subjects underwent a medical

examination prior to inclusion in the study. Inclusion criteria

were age ranging from 18 to 60, body mass index ,35, and

participation in sports or other type of physical activities with

a minimum frequency of 1 time per week. Subjects smoking,

taking any medications, or having any chronic disease,

hypertension, or orthopedic limitations were excluded. Less

than 5% of all volunteers had to be excluded, mostly because

of smoking or chronic diseases. The study was performed in

accordance with the Helsinki Declaration of 1975 as regards

the conduct of clinical research, being approved by the Ethical

Committee of the University of Las Palmas de Gran Canaria.

All volunteers provided their written informed consent before

participation in the study.

Tests

On the test day, between 7:30 and 8:30 AM, subjects reported to

the laboratory under fasting conditions. After each subject had

lain in the supine position for at least 5 minutes, a 20-mL

blood sample was obtained from an antecubital vein. Then the

subject’s body composition was determined. In some subjects,

an additional test was carried out on a different day to assess

their V̇o2max, as previously reported (Guadalupe-Grau et al,

2011).

Body Composition

Whole-body composition was assessed by DXA (QDR-1500,

software version 7.10; Hologic Corp, Waltham, Massachu-

setts) as previously reported (Perez-Gomez et al, 2008). Upper

and lower limb lean mass (kg) was calculated from regional

analysis of the whole body scan (Sanchı́s-Moysi et al, 2009;

Serrano-Sanchez et al, 2010), which gives a valid and a reliable

estimate of muscle mass in the extremities (Kim et al, 2002).

Serum Free Testosterone, Leptin, and
Osteocalcin Determinations

Serum leptin, free testosterone, and osteocalcin were deter-

mined by enzyme-linked immunosorbent assay (ELx800

Universal Microplate Reader; Bioteck Instruments Inc,

Winooski, Vermont), using reagent kits from Linco Research

(No. EZHL-80SK; Linco Research, St Charles, Missouri), IBL

(Hamburg, Germany), and Nordic Bioscience Diagnostics

(Herlev, Denmark), respectively. Low-end sensitivity was

0.05 ng/mL for total leptin, 0.17 pg/mL for free testosterone,

and 0.5 ng/mL for osteocalcin, respectively. Intra-assay and

interassay coefficients of variation were 3.8% and 4.4% for

leptin, 6.1% and 7.8% for free testosterone, and 6.7% and

6.7% for osteocalcin (Guerra et al, 2008; Guadalupe-Grau et

al, 2009).

CAG and GGN Repeat Polymorphisms

DNA was extracted from blood samples (200 mL) using High

Pure PCR Template Preparation Kits (Roche Applied Science,

Mannheim, Germany). To determine the length of the CAG

and GGN repeats the corresponding regions located on exon 1

of the AR gene (Genbank accession No. M27423) were

amplified using 2 pairs of primers whose sequences have been
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previously reported (Rodriguez et al, 2006). One primer from

each pair was marked with fluorescent dye (FAM and VIC;

Applied Biosystems, Warrington, United Kingdom). Amplifi-

cation was performed in a 25-mL reaction volume, containing

50 ng of genomic DNA, 200 mM of each deoxynucleotide

triphosphate, 16 Fast Start Taq DNA polymerase buffer

(Roche Applied Science), 16 GC-rich solution buffer (Roche

Applied Science), and 1 U of Fast Start Taq DNA polymerase

(Roche Applied Science). The concentration of each pair of

primers was 1.2 and 1.5 mM for the amplification of the CAG

and GGN repeats, respectively. Polymerase chain reaction

(PCR) conditions were 30 cycles of 95uC for 45 seconds, 56uC
for 30 seconds, and 72uC for 30 seconds for CAG amplification,

and 30 cycles of 95uC for 1 minute, 55uC for 2 minutes, and 72uC
for 2 minutes for GGN amplification. Each PCR was initiated

with a denaturation step at 95uC for 5 minutes and terminated

with an extension step at 72uC for 5 minutes. The PCR product

was diluted 1:100 in distilled water and 1 mL of the dilution was

mixed with 10 mL of formamide and 0.3 mL of GeneScan 500 LIZ

Size Standard (Applied Biosystems), denatured at 98uC for

5 minutes, and cooled on ice. Fragment separation was

performed by automated capillary electrophoresis, using an

ABI Prism 3100 Genetic Analyzer (Applied Biosystems), and the

length was determined with Gene Scan Analysis Software

(version 3.7; Applied Biosystems). Internal standards supplied

by the manufacturer were used for quality control. We blindly

repeated the genotype analysis in 54 of the samples, and the

results were totally coincident. The fragment size was confirmed

by sequencing 48 DNA samples harboring different size alleles

for both repeats by using the Big Dye Terminator Sequencing

Kit (Applied Biosystems) at University of Las Palmas Sequenc-

ing Facility. Genotyping was performed specifically for research

purposes based on the hypothesis that the aforementioned

polymorphisms may influence leptin, osteocalcin, testosterone,

and fat mass. The researchers performing the genotyping were

totally blinded to the subjects’ identities.

Statistical Analysis

All variables were checked for normal distribution using the

test of Shapiro-Wilk. When necessary, the analysis was done

on logarithmically transformed data. Because the AR gene is

located in the X chromosome and 1 of the 2 alleles is randomly

inactivated in women (Lyon, 1999), we decided to calculate the

mean of 2 alleles as representative of each pair in women

(Gonzalez et al, 2007; Jaaskelainen et al, 2008). The influence

of CAG and GGN repeat lengths on body composition,

hormones, and V̇o2max was determined taking CAG and

GGN repeat lengths as either continuous or dichotomous

variables with allele cutoff thresholds. The relationship

between CAG and GGN as continuous variables with body

composition, hormones, and physical fitness variables was

examined using linear regression analysis. The median value

that resulted in the most balanced grouping was used as a

cutoff threshold (Hickey et al, 2002; Rodriguez-Gonzalez et al,

2009). Thus, men were grouped as CAG short (CAGS) if

harboring repeat lengths #21 and CAG long (CAGL) if

harboring repeat lengths .21. Women were grouped as CAGS

if harboring repeat lengths #22 and CAGL if harboring repeat

lengths .22. Men and women were assigned to the GGN short

(GGNS) group if harboring repeat lengths of #23; otherwise they

were included in the GGN long (GGNL) group. These median

CAG and GGN values are identical to those reported for the

population of Gran Canaria (Rodriguez-Gonzalez et al, 2009) and

similar to those observed in other Caucasian cohorts (Ruhayel et al,

2004; Shah et al, 2008; Stanworth et al, 2008). In addition, men

were also grouped if having any of the following haplotype

combinations: CAGS + CGNL, CAGL + CGNS, CAGL + CGNL,

and CAGS + CGNS.

To determine if the association between CAG and GGN

repeat numbers and body composition variables is influenced

by free testosterone, partial correlation coefficients were

calculated after adjustment for free testosterone. The associ-

ation between GGN repeat length with adiposity (percentage

of body fat) and serum leptin concentration in women was

assessed by calculating the partial correlation coefficients

adjusted for free testosterone, osteocalcin, and V̇o2max.

The impact of AR was assessed separately in men and

women. Comparisons between short and long polymorphic

variants were carried out using Student’s t test. Lean mass was

corrected for differences in height by dividing muscle mass by

height squared (Lietzke, 1956).

Results

The median CAG repeat length was 21 in men and 22 in

women, ranging from 13 to 35, and from 9 to 33 repeats,

respectively. Men and women had a median GGN repeat length

of 23, ranging from 12 to 28 and from 15 to 26, respectively.

In men and women, CAGS and CAGL groups had similar

body composition and similar concentrations of leptin,

osteocalcin, and testosterone (Table 1). Likewise, in men

and women, leptin, osteocalcin, and testosterone concentra-

tions were similar in GGNS and GGNL groups (Table 2).

However, women with a GAGL repeat length polymor-

phism were about 3 cm taller than their GAGS counterparts.

There was no relationship between CAG and GGN

repeat length and either body composition or hormonal

variables in men, nor between CAG repeat length and

body composition or hormonal variables in women.

In women, the length of GGN repeat AR repeat

polymorphism was linearly related to the logarithm of the

percentage of body fat (log % fat 5 1.7 6 logGGN 2

0.87, r 5 0.30, P , .05), the logarithm of the percentage

of fat in the trunk (log % trunk fat 5 2.5 6 logGGN 2

2.15, r 5 0.28, P , .05), the logarithm of serum leptin

concentration (log leptin 5 6.2 6 logGGN 2 7.46, r 5

0.40, P , .05), and the logarithm of serum osteocalcin

concentration (log osteocalcin 5 2.3 6 logGGN 2 1.87,

r 5 0.32, P , .05). The association of GGN repeat length

with adiposity and serum leptin concentration remained

statistically significant after accounting for free testoster-

one, osteocalcin, and V̇o2max, in women (Table 3).

646 Journal of Andrology N July �August 2012
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In men, the logarithm of free testosterone was

inversely associated with adiposity and serum leptin
concentration, and positively with osteocalcin (Table 4).

These associations remained unchanged after account-

ing for differences in CAG, GGN, or both CAG and

GGN repeat length.

Adiposity and serum concentrations of free testoster-

one, leptin, and osteocalcin were similar in men

harboring the allelic combinations CAGL + GGNL,
CAGS + GGNS, CAGS + GGNL, and CAGL + GGNS.

Discussion

In contrast with our hypothesis, no association was
observed in our young men between AR length

polymorphic variations and adiposity or serum leptin

concentration. Moreover, this lack of association

remained after adjusting for osteocalcin, free testoster-

one, and cardiorespiratory fitness (V̇o2max). In women,

however, a consistent association between GGN repeat

length with adiposity and serum leptin concentration

was observed. This association was even stronger after

accounting for osteocalcin, free testosterone, and

V̇o2max as confounders. As in men, the CAG repeat

length was not associated with adiposity or serum leptin

concentration in women.

Thus, our results indicate that, in young men, the AR

polymorphism is not associated with whole body fat

mass, its relative amount, or its regional distribution.

This finding is in contrast with a previous study in 106

men from Germany, who had a similar mean age

(28 years) compared with ours, in which the CAG repeat

length was associated with the percentage of body fat

Table 1. Body composition, anthropometrics, physical activity, fitness, and hormones in men and women with CAGs and CAGL

androgen receptor polymorphisms (mean 6 SD)

Men Women

CAGS No. CAGL No. CAGS No. CAGL No.

Age, y 27.5 6 7.5 175 28.9 6 7.5 144 24.0 6 5.3 46 26.3 6 7.4 31

Height, cm 176.4 6 5.4 175 177.3 6 5.8 144 163.3 6 5.5a 47 166.4 6 6.0 31

Body mass, kg 76.9 6 9.8 174 78.9 6 10.7 141 59.1 6 6.9 47 60.7 6 8.3 31

Body fat, % 18.6 6 6.8 174 19.1 6 8.0 141 27.1 6 5.6 47 29.3 6 7.3 31

Lean body mass, kg 59.2 6 5.8 174 60.2 6 5.4 141 40.6 6 3.8 47 40.2 6 3.1 31

Whole body fat mass, kg 14.7 6 6.7 174 15.7 6 8.5 141 16.2 6 4.9 47 18.3 6 6.8 31

Trunk fat mass, kg 6.8 6 4.1 174 7.4 6 5.2 141 5.9 6 2.7 48 7.4 6 4.5 31

Trunk fat, % 17.6 6 8.8 174 18.4 6 10.2 141 20.7 6 6.9 47 24.4 6 10.0 31

Sports history, y 8.1 6 6.3 160 8.2 6 5.3 135 8.0 6 8.3 40 6.8 6 7.9 27

V̇O2max, mL?kg21?min21 47.2 6 7.9 160 46.5 6 7.9 129 40.8 6 8.5 38 38.7 6 7.2 26

Leptin, ng?mL21 4.7 6 4.7 155 5.0 6 4.8 133 13.1 6 6.9 36 15.1 6 8.3 30

Osteocalcin, ng?mL21 21.5 6 7.3 159 21.6 6 8.8 128 18.4 6 6.2 37 21.1 6 7.2 29

Free testosterone, pg?mL21 20.9 6 11.1 149 21.0 6 9.6 127 3.9 6 1.9 34 3.4 6 1.9 29

Abbreviations: CAGL, CAG long; CAGS, CAG short.
a P , .05 compared with CAGL (same gender).

Table 2. Body composition, anthropometrics, physical activity, and fitness in men and women with GGNs and GGNL androgen
receptor polymorphisms (mean 6 SD)

Men Women

GGNS No. GGNL No. GGNS No. GGNL No.

Age, y 27.9 6 7.0 197 28.5 6 8.3 122 25.8 6 7.4 34 24.3 6 5.2 43

Height, cm 176.7 6 5.6 197 177.1 6 5.6 122 165.1 6 6.4 35 164.0 6 5.4 43

Body mass, kg 77.2 6 9.7 194 78.8 6 11.0 121 60.0 6 8.8 35 59.6 6 6.2 43

Body fat, % 18.4 6 7.1 194 19.5 6 7.8 121 27.7 6 8.0 35 28.3 6 4.7 43

Lean body mass, kg 59.5 6 5.8 194 59.8 6 5.4 121 40.6 6 3.8 35 40.3 6 3.4 43

Whole body fat mass, kg 14.6 6 6.8 194 16.0 6 8.5 121 17.1 6 7.4 35 17.0 6 4.2 43

Trunk fat mass, kg 6.8 6 4.3 194 7.5 6 5.1 121 6.8 6 4.7 36 6.3 6 2.3 43

Trunk fat, % 17.5 6 9.3 194 18.6 6 9.7 121 22.2 6 10.7 35 22.1 6 6.0 43

Sports history, y 7.9 6 6.0 177 8.5 6 5.8 118 7.0 6 8.5 31 8.0 6 7.8 36

V̇O2max, mL?kg21?min21 47.3 6 7.8 171 46.3 6 8.0 118 40.4 6 7.3 33 39.5 6 8.8 31

Leptin, ng?mL21 4.8 6 4.6 177 5.0 6 5.0 111 13.7 6 8.3 30 14.3 6 7.1 36

Osteocalcin, ng?mL21 21.4 6 8.2 175 21.7 6 7.8 112 18.3 6 5.7 30 20.7 6 7.4 36

Free testosterone, pg?mL21 21.7 6 11.0 173 19.6 6 9.3 103 3.8 6 2.1 30 3.5 6 1.7 33

Abbreviations: GGNL, GGN long; GGNS, GGN short.

Ponce-González et al N Adiposity and Androgen Receptors 647
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(assessed with bioimpedance: r 5 0.27). Likewise, in a

study of young Danish men (20–29 years old), a weak (r

5 0.06) but statistically significant association between

the CAG repeat number and the percentage of body fat

measured by DXA was reported (Nielsen et al, 2010). In

the latter, no association between CAG repeat number

and visceral fat measured using MRI in 393 subjects was

observed (Nielsen et al, 2010). Stanworth et al (2008)

reported, in 232 men with type 2 diabetes, a positive

association of CAG repeat number with leptin, waist

circumference, and body mass index.

In agreement with our results, no association between

the CAG repeat number and the percentage of body fat

(assessed with bioimpedance) was reported by Goutou

et al (2009) in 170 men (mean age, 42) from Greece.

Thus, in young men, the CAG repeat number has little

or no influence on adiposity, with small differences

between countries, which could be due to genetic and

environmental differences. As a novelty, we have shown

for the first time that there is no association in young

men between the GGN repeat number and adiposity.

The possibility for an interaction between the CAG

and GGN repeat polymorphism and fat mass has not

been previously studied in young men. The CAGS +
GGNS microsatellite combination has been associated

with stronger androgen signaling (Navarro et al, 2002;

Gonzalez Hernandez et al, 2008). However, our results

indicate lack of interaction between CAG and GGN

repeat numbers and adiposity in men, because men

harboring the allelic combinations CAGL + GGNL,

CAGS + GGNS, CAGS + GGNL, and CAGL + GGNS

have similar adiposity phenotypes.

In agreement with previous studies (Gonzalez Her-

nandez et al, 2008), no relationship was observed in the

present investigation between CAG repeat number and

serum leptin concentration in either sex. However, in

women a strong association between the GGN repeat

number and serum leptin concentration was observed,

which could not be accounted for by differences in free

testosterone. This association may be indirect, that is, due

to lower antiobesity effects of testosterone in women with

higher GGNn, resulting in increased fat mass. However, it

may be also mediated by a direct inhibitory effect of

testosterone-derived androgens in the adipocytes (Pineiro

et al, 1999). In fact, testosterone administration in female

subjects decreased leptin levels beyond the expected level

from the reduction of fat mass (Elbers et al, 1997). The

effect of leptin on target cells depends on its circulating

free fraction, which is determined by soluble leptin

receptor (sOB-R), the main leptin-binding protein in

plasma (Chan et al, 2002; Lou et al, 2010). Free plasma

testosterone has been reported to be inversely related to

sOB-R (Chan et al, 2002; Ara et al, 2006), although the

potential role played by androgens and AR in regulation

of sOB-R remains unknown.

In agreement with previous studies in middle-aged

(Krithivas et al, 1999; Stiger et al, 2008) and aged men

(Van Pottelbergh et al, 2001), no association between

CAG or GGN length and free testosterone levels were

observed in the present investigation.

The regulation of osteocalcin production in man

remains unknown (Foresta et al, 2011). AR knockout

male mice have disrupted adipogenesis and osteogenesis

leading to osteoporosis and late-onset obesity (Kawano

et al, 2003; Tsai et al, 2011). Transgenic models indicate

that, in males, osteocalcin stimulates testosterone

production by acting on the Leydig cells (Oury et al,

2011). In turn, dihydrotestosterone stimulates the

expression and release of osteocalcin from human male

adipose tissue (Foresta et al, 2011). In agreement, a

positive association between osteocalcin and free testos-

terone was observed in men, which was not significantly

influenced by the AR genotypes. In contrast, no

association was observed between free testosterone and

Table 3. Relationship of the logarithm of GGN repeat length with adiposity and serum leptin concentration in women after
accounting for free testosterone, osteocalcin, and V̇O2max in women (n 5 45)

Fat Massa % Body Fata Trunk Fata % Trunk Fata Leptin (ng?mL21)a

Logarithm of GGN 20.34b 20.41b 20.33b 20.39b 20.31b

a Logarithmically transformed.
b P , .05.

Table 4. Relationship between free testosterone, adiposity, leptin, and osteocalcin in men (n 5 259)

Fat Mass % Body Fat Trunk Fat % Trunk Fat Leptin (ng?mL21) Osteocalcin (ng?mL21)

Free testosterone (pg?mL21) 20.26a 20.28a 20.28a 20.29a 20.25a 0.22a

Adjusted for logCAG 20.27a 20.29 20.30a 20.30a 20.25a 0.22

Adjusted for logGGN 20.27a 20.29a 20.30a 20.30a 20.25a 0.22a

Adjusted for logCAG and logGGN 20.27a 20.29a 20.30a 20.30a 20.25a 0.22a

a P , .05.
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osteocalcin in women. However, in a recent 9-week

strength training study we observed a significant

association between changes in free testosterone and

changes in serum osteocalcin in women (r 5 57, n 5 23;

Guadalupe-Grau et al, 2009). In agreement with a role

for androgens in the regulation of serum osteocalcin in

women, we found a positive association between the

length of the GGN tract and serum osteocalcin in the

present study. It remains to be determined whether

estradiol interacts with testosterone to regulate osteo-

calcin levels in women.

In summary, this study shows that the AR repeat

polymorphism has little, if any, influence on the

absolute and relative fat mass or its regional distribution

in physically active nonsmoker men, whereas, in young

women, the GGN repeat number is positively associated

with adiposity. These findings could indicate that under

conditions of reduced androgen levels, as observed in

females, an increased number of ARs and, hence,

androgen-mediated transcriptional potential due to

lower GGN repeat number may favor an androgenic-

mediated reduction in adipose mass and serum leptin

concentration.
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