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Abstract

Introduction: Androgens play a major role in fat oxidation; however, the effects of androgens depend, among other factors, on the intrinsic
characteristics of the androgen receptor (AR). Lower repetitions of CAG and GGN polymorphism appear to have a protective effect on fat accu-
mulation in the transition from adolescent to mid-twenties. Whether a similar protective effect is present later in life remains unknown. The aims
of this study were: a) to evaluate if extreme CAG and GGN repeat polymorphisms of the androgen receptors influence body fat mass, its regional
distribution, resting metabolic rate (RMR), maximal fat oxidation capacity (MFO) and serum leptin, free testosterone and osteocalcin in healthy
adult men; and b) to determine the longitudinal effects on fat tissue accumulation after 6.4 years of follow-up.

Methods: CAG and GGN repeats length were measured in 319 healthy men (mean + standard deviation [SD]: 28.3 + 7.6 years). From these, we selected
the subjects with extreme short (CAG, < 19; n = 7) and long (CAG, > 24; n = 10) CAG repeats, and the subjects with short (GGN, < 22; n = 9) and long
(GGN_ > 25; n = 10) GGN repeats. Body composition was assessed by DXA and serum levels of leptin, free testosterone and osteocalcin by ELISA. After
6.4 years of follow-up, DXA was repeated, and resting metabolic rate (RMR), MFO and VO,max determined by indirect calorimetry.

Results: CAG and CAG, subjects had similar RMR and accumulated comparable amounts of fat tissue over 6.4 = 1.0 years of follow-up. However,
CAG, had higher MFO and total lean mass than CAG, (p < 0.05). Men with GGN, accumulated greater amount of total fat mass than men with
GGN,, particularly in the trunk region seven years later. This concurred with a greater MFO in the GGN, group (p < 0.05), who accumulated less
fat mass. Free testosterone was associated with MFO in absolute values (r = 0.45; p < 0.05) and MFO per kg of lower extremity lean mass per
height squared (r = 0.35; p < 0.05).

Conclusions: CAG and GGN repeat polymorphisms may influence muscle fat oxidation capacity and may have a role in the accumulation of
fat over the years.

Resumen

Introduccion: los androgenos juegan un papel importante en la oxidacion de grasas; sin embargo, el efecto de los andrdgenos depende, entre
otros factores, de las caracteristicas intrinsecas del receptor de androgenos (RA). Un menor nimero de repeticiones CAG y GGN del RA parecen
tener un efecto protector sobre la acumulacion de grasa en la transicion de la adolescencia hasta la veintena. Se desconoce si adelante en la
vida persiste un efecto protector similar. Los objetivos de este estudio fueron: a) evaluar si repeticiones extremas de los polimorfismos CAG y
GGN del RA influyen sobre la masa grasa corporal, su distribucion regional, la tasa metabdlica en reposo (RMR), la méaxima oxidacion de grasas
(MFO) y la concentracion sérica de leptina, testosterona libre y osteocalcina en hombres sanos; y b) determinar los efectos longitudinales sobre
la acumulacion de grasa después de 6.4 afios de seguimiento.

Métodos: la longitud de las repeticiones de CAG y GGN fueron medidas en 319 hombres sanos (media + desviacion estandar [SD]: 28,3 + 7,6
afios). De estos, seleccionamos los sujetos con repeticiones del CAG extremas cortas (CAG < 19; n =7) y largas (CAG, > 24; n = 10), y los sujetos
con repeticiones del GGN extremas cortas (GGN, < 22; n = 9) y largas (GGN, > 25; n = 10). Se evaluaron la composicion corporal mediante DXA y
los niveles séricos de leptina, testosterona libre y osteocalcina por ELISA. Tras 6.4 afios de seguimiento el DXA fue repetido, y la tasa metabélica
en reposo (RMR), méaxima oxidacion de grasas (MFO) y VO,max fueron determinados mediante calorimetria indirecta.

Resultados: los grupos CAG, y CAG, fueron comparables en RMR y cantidad de tejido graso tras 6,4 + 1,0 afios de seguimiento. Sin embargo,
el grupo CAG, tuvo mayor MFO y masa libre de grasa que el grupo CAG (p < 0,05). Los hombres con GGNyacumularon mayor cantidad de masa
grasa total que los hombres con GGN,, particularmente en la region del tronco siete afios después. Esto concordo con un mayor MFO en el grupo
GGN_ (p < 0,05), que acumuld menos masa grasa. La testosterona libre se asocié con el MFO en valores absolutos (r = 0,45; p < 0,05) y con
MFO expresado por kg de masa libre de grasa de las piernas al cuadrado (r = 0,35; p < 0,05).

Conclusiones: las repeticiones del polimorfismo del CAG y GGN pueden influenciar la capacidad muscular de oxidacion de grasas y pueden
tener un rol en la acumulacion de grasa con los afios.
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MATERIALS AND METHODS

In most cases, obesity is associated with reduced circulating
levels of androgens and osteocalcin, and a high concentration
of leptin in plasma (1,2). Osteocalcin is a negative regulator
of fat mass and serum leptin (3). Serum osteocalcin levels
stimulate testosterone production by acting on the Leydig cells
in male transgenic models (4). Polymorphic variants of the an-
drogen receptor (AR) may explain part of the variability in the
association of androgens, osteocalcin and leptin with fat mass
(5-9). However, no longitudinal study so far has addressed the
influence that polymorphic variations of the androgen receptors
could have in the accumulation of fat mass in adult men over
the years.

The AR gene contains a polyglutamine sequence encoded by
CAG repeats and a polyglycine tract (GGN) encoded by (GGT)3GG-
G(GGT)2(GGC)n. Short CAG repeats are associated with increased
AR transactivation activity and stronger transcriptional potential
(10), whereas short GGN repeats are associated with increased
AR protein content in cell cultures, that may, in turn, enhance the
response to androgen stimulation (11).

In boys followed during 14 years from adolescence to adult
age, short compared to long CAG was associated with lower
accumulation of total body and trunk fat mass, despite a lower
resting metabolic rate (RMR) and maximal fat oxidation capacity
(MFQ). Short GGN repeats were also associated with a lower
percentage of body fat compared to long GGN repeats (12).
However, the former study did not include hormonal measure-
ments, which are essential to understand the changes in body
composition.

GGN polymorphism has been less studied. The association
between GGN repeats and body fat is controversial, with studies
reporting no association (13) whilst Gustafson et al. (14) conclud-
ed that middle-aged and old men who had both a rare GGN (not
17) and short CAG (< 23) had higher waist-to-hip ratios than the
rest of the population. Recently, it was determined that GGN, but
not CAG length, is positively associated with adiposity, leptin and
osteocalcin in women (5). The possible influence of AR polymor-
phism on adiposity in men could have been masked by the fact
that most men had AR repeat length polymorphisms close to the
population mean. Hence, we hypothesised that the influence of
AR polymorphisms on body fat mass, its regional distribution and
leptin levels should be more marked in men with extreme GGN
and CAG repeat numbers.

Therefore, this study had two main aims. First, to determine
if men with short CAG or GGN polymorphisms (< 25 percentile)
have greater body fat mass, RMR, MFO and serum concentration
of leptin, free testosterone and osteocalcin than men with longer
CAG or GGN polymorphisms (> 75 percentile). Second, to ascer-
tain if men with short CAG or GGN polymorphisms accumulate
less fat tissue over the years than those with longer CAG or GGN
polymorphisms, after accounting for confounding factors like
RMR, MFQ and physical fitness.

SUBJECTS

Initially, this study included 319 Caucasian healthy men who par-
ticipated in a previous cross-sectional study (5). Inclusion criteria
were: age ranging from 18 to 60 years, BMI < 35 and participation
in sports or another kind of physical activities with a minimum
frequency of once per week. Smokers and patients with diabe-
tes or chronic diseases or orthopedic limitations were excluded.
Less than 5% of volunteers were excluded, and the main cause of
exclusion was volunteering despite smoking and having chronic
diseases. Androgen receptor polymorphism was measured in all
volunteers. After that, subjects pertaining only to the first or fourth
quartile for CAG or GGN repeat numbers were contacted again
to participate in a longitudinal design of 6-7 years of follow-up,
and half of them (i.e., 38) agreed to participate. The study was
performed by the Declaration of Helsinki of 2013 as regards the
conduct of clinical research, being approved by the Ethical Com-
mittee of the Universidad de Las Palmas de Gran Canaria.

TESTS

The initial tests were carried out on four different days. The first
day, subjects reported to the laboratory between 7.30 and 8.30,
and a 20 ml blood sample was obtained from an antecubital vein
after five minutes supine. On the second day, body composition
and jumping performance were determined. The third day was
used to assess their running speed and anaerobic capacity. The
last day, their VO,max was measured as previously reported (6).

Approximately 6-7 years later, subjects reported back to the
laboratory after an overnight fast for the measurement of body
composition by DXA, RMR, MFO, and their VO,max by indirect
calorimetry (12), and physical activity using the Minnesota Leisure
Time Physical Activity Questionnaire (15). Subjects were requested
to refrain from non-habitual exercise, caffeine or alcohol drinks
for at least 24 hours before the test.

LEPTIN, FREE TESTOSTERONE AND
OSTEOCALCIN ASSAYS

Serum leptin (#EZHL-80SK, Linco Research St. Charles, Mis-
souri, USA) and osteocalcin (Nordic Bioscience Diagnostics, Her-
lev, Denmark) were determined by enzyme-linked immunosorbent
assay (ELISA) (ELx800 Universal Microplate Reader, Bioteck In-
struments Inc., Vermont, USA). The sensitivity of the assays was:
0.05 ng/ml for total leptin and 0.5 ng/ml for osteocalcin. Intra- and
interassay coefficients of variation were 3.8 and 4.4% for leptin,
and 6.7 and 6.7% for osteocalcin, respectively.

Serum total testosterone (TT), and sex hormone-binding glob-
ulin (SHBG) concentrations were measured by a fully automated
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two-site, solid-phase, chemiluminescent enzyme immunometric
assay (Immulite 2000%®, Siemens Healthcare Diagnostics). The
intra-assay coefficients of variation were 9.8% and 2.2% respec-
tively, and the inter-assay coefficients of variation were 11.0%
and 5.1%. Sensitivity endpoints were settled at 15 ng/dl and 0.02
nmol/. Serum concentrations of free testosterone (FT) were cal-
culated as reported by others (16).

BODY COMPOSITION

Body composition was assessed by dual-energy X-ray absorp-
tiometry (DXA) (QDR-1500, Hologic Corp., Software version 7.10,
Waltham, MA) (17).

VERTICAL JUMP PERFORMANCE
AND RUNNING SPRINT TESTS

The vertical forces generated during vertical jumps were measured
with a force plate (Kistler Quattro Jump, Winterthur, Switzerland) (17).
A 30-m sprint, starting in a stationary position, was performed using
photocells (General ASDE, Valencia, Spain). The best of three trials
was taken as the representative value of the test (17).

ANAEROBIC CAPACITY

An all-out 300-m running test on a 400-m track was used to
estimate the anaerobic capacity (17), since the anaerobic meta-
bolic pathways are the main energy suppliers during all-out exer-
cise tests with a duration between 30 and 60 s (18).

MAXIMAL FAT OXIDATION AND VO,max

After overnight fast, resting energy expenditure was measured
during 30 minutes in the supine position (Vmax N29; Sensormed-
ics, California, USA). This was followed by an incremental exercise
test to determine the MFO (19), and the intensity at which MFO
occurred (fat[max]) during leg cycling (20). The test started at 30
watt for five minutes, followed by 30 W increments every three
minutes until the RER was > 1.0. After five minutes of recovery,
subjects performed an incremental test (30 W/min: 80 rpm) be-
ginning in the last load of the MFO test to determine their VO, max.

CAG AND GGN REPEAT POLYMORPHISMS

CAG and GGN repeat polymorphisms were determined as pre-
viously reported. Briefly, DNA was extracted from blood samples
(200 ply using High Pure PCR Template Preparation Kits (Roche
Applied Science). To determine the length of the CAG and GGN
repeats the corresponding regions located on the exon 1 of the
AR gene (Genbank accession no. M27423) were amplified us-
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ing two pairs of primers whose sequences have been previously
reported (5). Fragment separation was performed by automated
capillary electrophoresis using an ABI Prism 3100 Genetic Ana-
lyzer (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.

STATISTICAL ANALYSIS

Al variables were checked for normal distribution using the test
of Shapiro-Wilk. When necessary, the analysis was done on loga-
rithmically transformed data. The influence of CAG and GGN repeat
lengths on body composition, MFO, hormones and VO, max was de-
termined taking CAG and GGN repeat lengths as either continuous
variables or as dichotomous variables with allele cut-off 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 longitudinal
study was carried out with subjects belonging to the first (short
repeat number) and fourth (long repeat number) quartile of the
CAG and GGN number distributions: CAG, (short < 19 repeats; n =
17), CAG, (long > 24 repeats; n = 23), GGN, (short < 22 repeats;
n = 13), and GGN, (long > 25 repeats; n = 16). Comparisons
between short and long groups were carried out with ANOVA after
accounting for age, height, total lean body mass, and VO,max as
covariates. Lean mass was corrected for differences in height by
dividing muscle mass by height (2,21). Longitudinal effects were
assessed with ANOVA for repeated measures after accounting for
age, height, total lean body mass, VO,max, starting body fat mass,
basal fat oxidation, time elapsed between the two measurements,
and MFO as covariates. Stepwise multiple regression analysis was
used to determine which variables had the highest predictive value
for MFO. p < 0.05 was set as the level of significance, and p <
0.10 was considered as trend toward significance.

RESULTS

Body composition, RMR, MFO, physical activity and fitness are
reported in table I. The distribution of AR allele frequencies for CAG
and GGN repeat numbers are illustrated in figure 1. The median
CAG repeat length was 21 (range: 13-35), while the GGN median
length was 23 (range: 12-28). The median values for short and
long groups were 17 and 26 for CAG, and 19 and 25 for the GGN
groups, respectively.

CAG AND ADIPOSITY

The subjects in the CAG, and CAG, groups had similar age,
height, weight and fat mass (Table I). However, CAG, had higher
total and extremities lean mass and VO,max than CAG, even after
accounting for age (p < 0.05) (Table I).
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Figure 1.

Distribution frequency of the CAG (A) and GGN (B) repetition numbers separated
by quartiles.

MFO was also higher in CAG, as compared to CAG, (p < 0.05)
(Fig. 2A) and showed a trend after accounting for total lean body
mass (p = 0.05) or age (p = 0.08). However, this difference in MFO
was lost after accounting for VO,max as a covariate (p = 0.90).
Likewise, CAG, showed a higher performance in the 300-meter test
compared to CAG, (b < 0.05), even after accounting for lean mass
and height as covariates. However, this difference was lost after ac-
counting for age or VO,max as covariates (p = 0.28). No significant
differences between CAG, and CAG, groups were observed in mus-
cular fitness, as reflected by the jump test, daily energy expenditure
(Table 1), serum hormone concentration or resting metabolic rate.

Free testosterone tended to be higher in CAG, as compared to
CAG; (21.5%, p = 0.06).

GGN AND ADIPOSITY

GGN, and GGN, groups had similar age, body composition and
physical fitness (Table I) even after adjusting for age and height (data

500

400 A
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100

Maximal Fat Oxidation (mg-min'1)
(MFO)

CAG, CAG, GGNg GGN,

0.8 4

(g/day)
_'.

0.6 4

0.4

0.0
CAGy CAG, GGNg GGN,

Fat mass accumulated in the
trunk region after ~7 years

Figure 2.

A. Maximal fat oxidation (MFO) of the CAG and GGN groups. B. Fat mass accu-
mulated in the trunk region in ~7 years separated by CAG and GGN groups. *p <
0.05. 'p < 0.05 after accounting for the starting percentage of body fat, height
and time elapsed between the two measurements.

not shown). Despite similar body composition, MFO in absolute val-
ues and normalized per kg of lower extremity lean mass was higher
in the GGN, compared to the GGN, group (p < 0.05) (Fig. 2A). This
difference in MFO was lost after accounting for VO,max per kg of
lower extremity lean mass (p = 0.09). There were no significant
differences in VO, max neither RMR between GGN groups, even after
accounting for age, height and physical fitness as covariates. The
logarithm of leptin levels tended to be higher in GGN; compared to
GGN, (39.4%; p = 0.09). No significant differences in the rest of
hormone concentration were observed between groups, including
free testosterone concentration, which was only 2.2% greater with-
out significance in GGN, compared to GGN, (p = 0.89).

LONGITUDINAL STUDY

Longitudinal data were available for 17 and 19 subjects with
extreme values for CAG and GGN genotypes, respectively. Their
physical characteristics and body composition changes are de-
picted in table Il. Physical activity measured by questionnaire was
similar in both groups.
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Body composition and VO,max changed similarly in both groups
during the follow-up. The CAG, and CAG, subjects accumulat-
ed 3.4 + 5.1 and 2.0 + 4.4 kg of whole body fat over 6.4 +
1.0 years. Despite the fact that CAG, showed a 47% greater
fat accumulation per day than CAG,, this difference in fat mass
accumulation was not statistically significant (p = 0.49) even after
accounting for starting age, change in VO,max, body height, start-
ing body fat mass, basal fat oxidation and MFO as covariates (Fig.
2B). The GGN, and GGN, subjects accumulated 3.2 + 4.5 and
0.5 = 4.3 kg of whole body fat over 6.9 = 1.1 years of follow-up
(p =0.13) (Table Il). There was a trend for a statistical difference
in whole body fat mass accumulation after accounting for the
starting percentage of body fat, height, and time elapsed between
the two measurements (p = 0.08); the starting percentage of
body fat, height, whole body basal fat oxidation, and time elapsed
between the two measurements (p = 0.08); but not when adjusted
for the starting percentage of body fat, height, MFO (absolute
values), and time elapsed between the two measurements (p =
0.11); the starting percentage of body fat, height, MFO (per lean
mass of the lower extremities), and time elapsed between the two
measurements (p = 0.12), and the starting percentage of body
fat, height and whole body basal fat oxidation, the differences
(absolute values) in VO,max, and time elapsed between the two
measurements (p = 0.25).

The GGN, and GGN, subjects accumulated 2.0 + 2.7 and 0.3
+ 2.9 kg of fat in the trunk region over 6.9 = 1.1 years (GGN, vs
GGN,: p=0.19) (Table Il). This difference was statically significant
after accounting for the starting percentage of body fat, height and
time elapsed between the two measurements (p = 0.031) (Fig.
2B); the starting percentage of body fat, height, whole body basal
fat oxidation and time elapsed between the two measurements
(p = 0.042); but not when adjusted for the starting percentage of
body fat, height, MFO (absolute values), and time elapsed between
the two measurements (p = 0.07); the starting percentage of
body fat, height, MFO (per lean mass of the lower extremities),
and time elapsed between the two measurements (p = 0.08);
and the starting percentage of body fat, height and the difference
(absolute values) in VO,max, and time elapsed between the two
measurements (p = 0.10).

CORRELATIONS

Leptin was positively correlated with whole body fat (r = 0.56;
p = 0.001), while the correlation between osteocalcin and whole
body fat was negative (r = -0.41; p = 0.02). Serum total testos-
terone was inversely correlated with whole body fat (r = -0.37; p
= 0.044), fat mass in the trunk region (r = -0.40; p = 0.027) and
percentage of body fat (r = -0.45; p = 0.012). Serum free and
total testosterone were positively correlated with osteocalcin (r =
0.36, p = 0.046; and r = 0.56, p = 0.001, respectively). More-
over, free testosterone was associated with MFO (absolute values)
(r=0.45; p = 0.012), MFO per kg of lean mass (r = 0.39; p =
0.031), and MFO per kg of lower extremity lean mass (r = 0.37;
p = 0.04). The CAG repeat number was positively associated with

J. G. Ponce Gonzalez et al.

lean mass (r = 0.34; p = 0.014), lower extremity lean mass per
height squared (r = 0.34; p = 0.015), VO,max (absolute values)
(r=10.43; p =0.001), and MFO (absolute values) (r = 0.29; p
=0.038). The GGN repeat number was associated with VO,max
(absolute values) (r = 0.28; p = 0.043), MFO (absolute values) (r
=0.28; p = 0.040) and MFO per kg of lower extremity lean mass
per height squared (r = 0.28; p = 0.043).

FACTORS DETERMINING MFO

A stepwise multiple regression model with MFO per kg of lower
extremities lean mass as the dependent variable and VO,max
(per kg of lower extremity lean mass), the logarithm of age, %
of body fat and performance in 300 m as independent variables
showed that VO,max (per kg of lean mass of lower extremities)
alone explained 39.4% of the variance in MFO (B = 0.63; p <
0.001) (MFO = -0.015 + 0.00018 - VO,max [ml/kg lean mass
lower extremities/min).

When 300 m were added into the second model, it explained
46.4% of the variance in MFO per kg of lower extremities lean
mass jointly with VO,max (per kg of lower extremity lean mass)
(B=0.51and B =0.29; p < 0.05). The two other variables were
excluded from the model as they did not contribute to improve the
prediction (MFO = 0.012 + 0.00014 - VO,max [ml/kg lean mass
lower extremities] + 0.00041 - performance in 300 m [m/s], r? =
0.68, p < 0.001; n = 44).

When MFO was expressed in absolute values as dependent
variable the logarithm of CAG alone explained 8.6% of the vari-
ance in MFO (B = 0.29; p < 0.05) (MFO = -0.513 + 0.635 -
logarithm of CAG repeats polymorphism).

In the whole group of subjects, the accumulation of fat tissue
(whole body: r = -0.47; n = 23, p = 0.026; and trunk region: r
=-0.51,n =23, p = 0.014) was associated with the changes in
VO,max (expressed by kg of lower extremities lean mass). There
was no significant relationship between MFO and whole body fat
mass accumulation (r = -0.32,p = 0.15,n = 23).

DISCUSSION

This study shows that the CAG repeat polymorphism does
not appear to be associated with fat mass in healthy young
men, since subjects with short (< 19, 1 quartile) and long CAG
(> 23, 4" quartile) had similar fat mass and regional distribu-
tion of adipose tissue. However, CAG, showed higher total lean
mass, as well as lean mass in the extremities, in comparison
to CAG,. This finding explained the greater performance in
300 m, VO,max and MFO in CAG, as compared to CAG,. In
concordance, we found an association between MFO and lean
mass, which could explain the observed 47% greater fat mass
accumulation per day in the CAG, group, had we incurred in a
type 2 error. In contrast to our hypothesis, men in the first GGN
repeat length quartile (i.e., GGN < 22) tended to accumulate
greater total and trunk fat mass during the follow-up period
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than men in fourth GGN repeat length quartile. Moreover, GGN
repeats tended to be negatively associated with the percentage
of body fat and leptin levels. This concurs with a greater MFO
in the GGN, group compared to GGN, group.

In contrast to our hypothesis, we observed that extreme CAG
repeat length was not associated with whole body fat mass, its
relative amount or its regional distribution. These results concur
with other studies where subjects in the first and fourth quartile
for CAG length were compared (22-24). In contrast, an association
between the CAG repeat length and the percentage of body fat
has been reported by others (8,9). The latter is at odds with the
linear relationship reported by Crabbe et al. between CAG number
and free testosterone (25), since higher levels of testosterone
are usually associated with lower adiposity (26,27). Our study
showed a direct association between the length of CAG repeats
and free testosterone levels, which may in part explain the lower
fat accumulation in CAG, compared to CAG,,

It has been shown that testosterone injections may increase fat
oxidation capacity by 27% compared to baseline levels (28). In
agreement, our data revealed that CAG,, who had 21.5% higher
levels of free testosterone, also had greater MFO than CAG, as
previously reported in boys followed during 15 years from ad-
olescence to adult age (12). This finding is important since it
has been shown in men that low levels of testosterone increase
the risk of all-cause and cardiovascular mortality, increase fat
accumulation, reduced glucose utilization, glycolysis and mito-
chondrial oxidative phosphorylation (29), which could affect fatty
acid oxidation capacity.

In agreement with our results, no association between CAG
polymorphism and fat mass was observed in our original cohort
composed by 319 physically active men (5). Likewise, no associ-
ation between CAG repeat number and visceral fat was observed
by Nielsen et al. (8). Consistent with our results, no association
between CAG length and serum leptin levels have been reported
by others (30,31).

As a novelty, we provide evidence with cross-sectional and
longitudinal data indicating that the GGN repeat polymorphism
may have a role in MFQ, body fat mass, and its regional distribu-
tion. This study indicates that an extreme GGN, AR polymorphism
seems to protect against fat mass accumulation in the trunk in
men. This result is supported by the higher MFO per kg of total
lean mass found in the GGN, compared to the GGN, group, and
by the trend for a positive association between the GGN number
with the logarithm of the percentage of body fat, and MFO per kg
of lower extremity lean mass. The non-significant small increase in
circulating androgen levels (2.2%) could have also contributed to
explaining the lower accumulation of fat mass in the GGN, group.
In agreement, greater serum concentration of total testosterone
and free testosterone has been reported in GNN, than in the GGN;
men (32). This also concurs with the association between free
testosterone and MFO, as well as between SHBG and the accumu-
lation of trunk fat per day in this study. The difficulty to include all
volunteers belonging to quartile 1 and 4 in the follow-up reduced
the final sample size, precluding the detection of differences in
serum hormones.

[Nutr Hosp 2017;34(5):1089-1098]

In contrast with the present findings, CAG and GGN had lower
adiposity, fat accumulation than CAG, or GGN, in a longitudinal
study from adolescence to adult age (~13 to ~27 years old) (12).
Both studies show a beneficial influence of long CAG and GGN
repeats on MFO, which could protect against the gain of fat mass
over the years. Combining the results from our previous studies
is seems that the influence of CAG and GGN polymorphisms on
fat mass may be modulated by the circulating concentration of
testosterone, which declines 1 percent per year after the age
of 30 (33). Likewise, the concentration of testosterone is lower
during adolescence, and the impact of AR polymorphism could
be different in an internal milieu with lower levels of circulating
androgens (34).

It has been reported that the main determinant of MFO is the
VO,max (35). Interestingly, our longitudinal data revealed an asso-
ciation between the changes in VO,max and the increase in MFO,
indicating that an improvement in VO,max was associated with
an increase in MFO and a reduction in whole-body and trunk fat
mass, and vice versa. Since our data indicated that the changes
in VO, max explained about 22-25% of the fat mass accumulated
in the trunk (or whole body), we also examined if the greater ac-
cumulation of trunk fat mass observed in the GGN, group could
be explained by a greater reduction of VO,max in the GGN,. No
statistical differences were observed in VO,max changes over
time between GGN groups. However, after accounting for VO,max
changes (introduced as a covariate in the model) the observed
differences in trunk fat mass accumulation showed only a trend
to be statistically significant (p = 0.10), indicating that part of the
observed differences in trunk fat mass accumulation between
the GGN, and GGN, groups could be explained by the changes
in VO,max.

Alimitation of this study is the small number of subjects having
extreme GGN. Despite this limitation, our conclusions are solid
since they derive from the assessment of multiple factors influ-
encing fat mass accumulation and not only from the changes
in trunk fat mass. Our results are not masked by differences in
lifestyle during the years of follow-up, since all groups showed
similar physical activity levels.

In conclusion, the CAG repeat polymorphism seems to have
little, if any, influence on leptin, fat mass and its regional distribu-
tion in healthy men. However, CAG repeat length was associated
with lean mass and maximal fat oxidation capacity. In adults, a
long GGN polymorphic variant may protect from fat mass accu-
mulation, particularly in the trunk region. This could be in part
explained by the higher MFO of men with the longest GGN repeat
polymorphism.
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