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1. Introduction

ABSTRACT

The human androgen receptor (AR) gene possesses two trinucleotide repeats of CAG and GGN in exon-1.
The GGN repeat affects the amount of AR protein translated, while the CAG repeat affects the efficiency
of AR transcriptionaly. In this study, we have genotyped these polymorphic tracts in a representative
sample of 557 Caucasian adult individuals (314 women and 243 men) from the Canary Islands, Spain
(the ENCA Study), and investigated their association with fasting serum levels of lipids, glucose and
insulin. The number of CAG repeats in women (expressed as the average length of the two alleles) was
inversely correlated with serum levels of LDL-cholesterol (Spearman rho = —0.179; P<0.01). Women with
an average number of CAG repeats in the upper tertile showed significantly lower levels of LDL-cholesterol
than those grouped in the lower and middle tertile, after adjusting for age, body mass index, waist-to-hip
ratio, smoking and alcohol drinking. The number of GGN repeats in men was correlated with fasting insulin
levels (Spearman rho =-0.206; P<0.01), the homeostasis model assessment of insulin resistance (HOMA-
IR; Spearman rho=-0.230; P<0.01) and the McAuley index of insulin sensitivity (Spearman rho=0.194;
P<0.01). Men with a number of GGN repeats in the upper tertile showed lower levels of insulin and
HOMA and a higher level of the McAuley index than those grouped in the lower and middle tertile, after
adjusting for the variables listed above. These results support the hypothesis that the longer alleles of
the CAG and GGN polymorphisms in the exon-1 of the AR gene, indicative of lower androgenic signaling,
respectively protect women from developing dyslipemia and men from developing insulin resistance.
© 2009 Published by Elsevier Ltd.

In healthy males, the efficiency of some reproductive functions
seems to be inversely related to the length of the CAG tract[8,11-14].

The genomic effects of androgens are exerted via the andro-
gen receptor (AR). The AR gene is located on the X-chromosome
(q11.2-q12), and contains eight exons [1]. The exon-1 contains a
CAG repeat tract (encoding for polyglutamine) and a GGN repeat
tract (encoding for polyglycine) of polymorphic length, close to the
region encoding the transactivation-1 domain of the AR protein
[2]. Short CAG repeat tracts enhance the AR transcriptional activity
[3-9], while short GGN tracts increase the amount of AR protein
available inside the cell [10].
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In addition, the length of the CAG tract has been found to be
inversely associated with the incidence of prostate cancer [15,16].
In women with breast cancer, short CAG tracts in the AR gene have
been associated with a higher frequency of more aggressive tumors
and positive lymph node involvement [17,18].

The possible role of the CAG repeat length polymorphism on
metabolic parameters related to cardiovascular diseases has also
been investigated. Shorter CAG repeats of the AR gene, indicative
of stronger androgenic activity, have been associated with lower
serum levels of high density lipoprotein cholesterol (HDL-c)[19,20]
and a higher risk of heart disease in men [21]. There is also increas-
ing evidence linking the excess of androgen and the development
of insulin resistance. In men, free testosterone has been found to
be correlated with insulin resistance, as measured by the home-
ostatic model of assessment of insulin resistance (HOMA-IR), an
effect that seems to be modulated by the AR CAG length [22]. There
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are no reports on the possible effects of the CAG repeat in metabolic
parameters in women. A clear association of AR polymorphisms
with the risk of developing cardiovascular diseases or IR in the
general population is still controversial.

The polyglycine tract in the AR protein is encoded by an invariant
six-glycine tract (GGT/GGG) followed by a polymorphic GGC repeat
(CGT)3 GGG(GGT)2(GGC)n). Most authors refer to the polyglycine
tract as being encoded by a GGN repeat, which is equivalent to the
GGC repeat plus six triplets [18]. To our knowledge, there are no
reports on the possible metabolic role of the GGN repeat either in
men or women.

Specific, AR-mediated effects of androgen in women are some-
times difficult to assess because of the fact that they are capable of
aromatizing into estrogens and also due to further genomic action
mediated by the estrogen receptor (ER). It is generally accepted
that people carrying short CAG and/or GGN tracts are subjected
to stronger androgenic signaling [18]. Thus, studies on CAG and
GGN polymorphisms in the general population can help to better
define subgroups that are at an increased risk of developing syn-
dromes attributable to androgenic stimulus. In addition, these types
of studies can also help to better define the true physiological and
pathological effects of androgen in women.

In an attempt to gain an insight into the influence of these poly-
morphisms on the androgen relationship to metabolic parameters
in the general population, we have studied their distributionin arel-
atively wide sample of adult Caucasian individuals, representative
of the population of the Canary Islands, Spain.

2. Materials and methods
2.1. Experimental subjects

The Canary Islands are situated in the Atlantic Ocean, near the
North-Western Sahara coast. They have belonged to Spain since
the fifteenth century and their population, at present, is over 96%
Caucasian. Between 1997 and 1998 a nutritional survey (Encuesta
Nutricional de Canarias, ENCA) was performed on a representa-
tive sample of 1747 individuals aged 5-76 years, randomly selected
from the census lists of 32 municipalities within the islands. The
study was approved by the ethical committee of the Canarian Pub-
lic Health Service. After giving informed consent, participants filled
outasurvey questionnaire with information regarding their dietetic
habits, socio-demographic information as well as their personal and
familial history of diabetes, hypertension, cancer and cardiovascu-
lar, hepatic and kidney disease. Current use of drugs, smoking and
alcohol consumption was also recorded. Subsequently, all partic-
ipants underwent a physical examination where height, weight,
waist, hip perimeters and blood pressure were all measured. The
survey was conducted by trained professionals (dieticians, nurses
and physicians). Out of the 1747 individuals enrolled in the study,
782 underwent blood extractions after an overnight fast for labo-
ratory analyses. Of these, we first excluded those individuals who
could not provide any blood samples for DNA isolation procedures
(n=58); then, we excluded anyone younger than 18 years of age
(n=167). Thus, our study population was comprised of 557 indi-
viduals (243 men and 314 women) aged 18-76 years. Diabetes was
defined as fasting plasma glucose >7.0 mmol/l and/or current use
of insulin or oral hypoglucemic agents [23]

2.2. Biochemical analyses

All biochemical analyses were performed in the laboratory of
biochemistry of the Hospital Universitario Insular de Gran Canaria,
using proper quality controls to asses a variation coefficient inter
and intra assays (data not shown).

Blood samples were drawn from participants after an overnight
fast. Levels of serum glucose, total cholesterol, triglycerides and
HDL-c levels were determined by spectrophotometric methods,
using a Dimension RxL autoanalyzer (Dade-Behring, Liederbach,
Germany). Serum levels with low density lipoprotein-cholesterol
(LDL-c) were calculated using the Friedewald formula [24].
Serum insulin levels were determined by radioimmunoanalysis
(Diagnostic Products Corporation, Los Angeles CA). Insulin sensi-
tivity was estimated according to either the homeostasis model
assessment of insulin resistance (fasting insulin (pU/ml) x fasting
plasma glucose (mmol/l)/22.5)) or the formula proposed by
McAuley (exp(2.63 —0.28) x In(fasting insulin) — 0.31 x In(fasting
triglyceride (mmol/1))) [25].

Serum concentrations of IGF-I and IGFBP-3 were determined
in duplicate by the use of enzyme immunoassays (Diagnos-
tic Systems Laboratories, Webster, TX). The molar weight of
IGFBP-3 is 42kDa and that of IGF-I is 7.7kDa. Thus, to get
the molar ratio we calculated the molar concentrations of
IGFBP-3 (pg/1/42 =nmol/l) and the molar concentrations of IGF-I
(ngfl/7.7 =nmol/l).

2.3. Determination of the number of CAG and GGN repeats in the
AR gene

DNA was isolated from EDTA blood samples using a DNA
Isolation Kit (Puregene, Gentra Systems, Minneapolis, USA). To
determine the length of the CAG and GGN repeats we ampli-
fied the corresponding regions located on the exon-1 of the AR
gene (GenBank accession no. M27423) using two pairs of primers
whose sequence has been previously reported [26,27]. One primer
from each pair was marked with fluorescent dye (FAM or VIC).
Amplification was performed in a 25l reaction volume, con-
taining 50 ng of genomic DNA, 200 wM of each deoxynucleotide
triphosphate, 1 x Fast Start Taq DNA polymerase Buffer (Roche
Applied Science, Mannheim, Germany), 1 x 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 1.5uM for the amplification of the CAG and GGN
repeats, respectively. PCR conditions were: 30 cycles of 95°C for
45s, 56°C for 30s and 72°C for 30s for CAG amplification; 30
cycles of 95°C for 1 min, 55°C for 2min and 72°C for 2 min for
GGN amplification. Each PCR was initiated with a denaturation
step at 95°C for 5min and terminated with an extension step
at 72°C for 5min. The PCR product was diluted 1:100 in dis-
tilled water and 1l of the dilution was mixed with 10l of
formamide and 0.3 .1 of GeneScan 500 LIZ Size Standard (Applied
Biosystems, Warrington, UK), denatured at 98°C for 5min and
cooled on ice. 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).
We blindly repeated the genotype analysis in 54 of the samples
and the results were completely coincident. The size of the frag-
ments was confirmed by sequencing 48 DNA samples harbouring
different size alleles for both repeats using the Big Dye Termi-
nator Sequencing Kit (Applied Biosystem). After analyzing the
sequencing results we observed that the capillary electrophoresis-
based ABI PRISM 3100 Genetic Analyzer gave anomalous results
when internal standards supplied by the manufacturer were used.
Thus, the actual length of the CAG and GGN repeats was under-
estimated by 4 and 2 repeat units, respectively. Therefore, and
according to other authors [28,29], the allele size estimation in
the capillary electrophoresis system was corrected by using a
ladder which was created with the actual size obtained after
sequencing.
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Fig. 1. Frequency distribution of the CAG and GGN repeats in the whole series. The number of CAG and GGN repeats in men and women were not normally distributed. The
median number of CAG repeats was 21 in men and 21.5 women. The GGN repeats showed a median value of 23 in both sexes.

2.4. Statistics

Statistical analyses were performed with SPSS for WINDOWS,
version 13 (SPSS Inc., Chicago). Before further analyses, the
normality of distribution of variables was checked with the
Kolmogorov-Smirnov test. A logarithmic transformation was per-
formed for variables that were not normally distributed. Since both
CAG and GGN repeats were not normally distributed, the Spearman
correlation coefficient (rho) was used to test the strength of the
association between the number of these repeats and diverse con-
tinuous variables. Differences between data subsets were analyzed
using either analysis of variance or analysis of covariance, both with
the Bonferroni post hoc test. All tests were considered significant
at the 0.05 level. Levels of statistical significance are shown in the
figures as asterisks (*: P<0.05; **: P<0.01).

3. Results

Since the AR gene is located on the X-chromosome, men display
a unique allele of the gene, whereas women carry two alleles, one
of them being randomly silenced by methylation in each individual
cell. Thus, the number of CAG or GGN repeats in women is expressed
as the average number of repeats found in the two alleles.

Considered individually or as their average, the number of CAG
and GGN repeats in men and women was not normally distributed
(Kolmogorov-Smirnov test). The number of CAG and GGN repeats
in men and women (Fig. 1). The median number of CAG repeats was
21 (range: 13-29) in men and 21.5 (range: 14-28) in women. The
GGN repeats showed a median value of 23 in both sexes (range:
12-28 in men and 16-27 in women).

Data from anthropometric, demographic, and biochemical vari-
ables in the whole population and within each sex group are

given in Table 1. Men had significantly higher plasma levels of
glucose and triglycerides than women, and greater waist-to-hip
and IGF-I-to-IGFBP-3 ratios. In contrast, men exhibited signifi-
cantly lower levels of HDL-c, IGFBP-3, and the McAuley index than
women.

Spearman correlation coefficients (rho) between the number of
CAG or GGN repeats and the rest of the variables analyzed are given
in Table 2. In the whole series, the number of CAG repeats did not
significantly correlate with the rest of the variables analyzed. How-
ever, the average number of CAG repeats in women was significantly
and negatively correlated with plasma levels of LDL-c (rho = —0.179;

Table 1

Descriptors of the study population.

Variable Men (243) Women (314) P

Age (years) 46.9 £ 15.3 44.8 + 15.0 0.114
BMI (kg/m?) 26.6 + 4.6 26.6 + 5.7 0.982
Waist/hip ratio 0.95 + 0.10 0.82 + 0.09 <0.001
3LDL-c (mmol/l) 3.61 £ 1.22 3.51 + 1.15 0.319
3HDL-c (mmol/l) 1.25 £ 0.40 1.46 + 0.47 <0.001
aTriglycerides (mmol/l) 142 + 0.76 1.28 + 0.68 0.012
bGlucose (mmol/l) 471 +£ 0.77 4.56 + 0.76 0.033
bInsulin (mU/I) 119 £ 6.5 11.8 £ 6.8 0.457
"HOMA 2.55 £ 1.63 2.45 £ 1.65 0.220
bMcAuley index 6.80 + 1.56 7.11 £+ 1.66 0.031
IGF-I (pg/l) 174.7 +£ 69.9 168.2 + 62.5 0.412
IGFBP-3 (ng/l) 3929 4+ 972 4184 + 882 0.001
IGF/BP-3 25.0 + 10.0 223 +79 0.003

The Pvaluesindicate the differences observed between men and women, which were
computed using either the Student’s t-test for continuous variables or the Chi-square
test for categorical variables.

2 Excluding 35 participants who were receiving hypolipidemic medication (14
men and 21 women).

b Excluding 45 participants considered diabetic (25 men and 20 women).
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Table 2
Spearman correlation coefficients between the number of CAG and GGN repeats and
diverse anthropometric and biochemical variables.

Variable CAG repeats GGN repeats
Men Women Men Women
Age (years) —0.062 0.077 —0.055 —0.002
BMI (kg/m?) 0.027 0.029 —0.008 —0.039
Waist/hip ratio 0.004 0.026 0.033 —0.059
ALDL-c (mmol/I) 0.004 -0.179" —-0.030 0.084
aHDL-c (mmol/l) —0.083 0.007 0.124 0.089
aTriglycerides (mmol/l) —0.020 —0.058 —0.075 0.067
bGlucose (mmol/l) -0.072 —0.056 —0.083 -0.004
bInsulin (mU/1) 0.110 0.044 —0.206" —0.043
YHOMA 0.076 0.009 —-0.230" —0.024
bMcAuley index —-0.078 —0.005 0.194" —0.032
IGF-I (pg/l) 0.103 -0.171" 0.036 —0.048
IGFBP-3 (ng/l) 0.005 —0.051 0.070 —0.095
IGF/BP-3 0.055 —-0.178" 0.002 0.007
" P<0.01.

3 Excluding 35 participants who were receiving hypolipidemic medication (14
men and 21 women).
b Excluding 45 participants considered diabetic (25 men and 20 women).

P=0.002), IGF-I (rho=-0.171; P=0.003), and the IGF-I/BP3 molar
ratio (rho=-0.178; P=0.002).

Table 3 summarizes the effect of the average number of CAG
repeats in women (grouped in tertiles) on mean serum lev-
els of LDL-c, IGF-I and on the IGF/BP-3 molar ratio, the three
variables that were significantly correlated with the polymor-
phism, expressed either as unadjusted values, or after their
adjustment for several confounders, such as age, BMI, waist-
to-hip ratio, smoking and alcohol drinking. This tendency was
observed both in premenopausal and postmenopausal women.
Thus, women grouped in the upper tertile showed signifi-
cantly lower levels of both LDL-c, IGF-I and IGF/BP-3 molar
ratio when the values were analyzed without adjustments. How-
ever, after adjusting for the variables listed above, only the

Table 3

difference in the levels of LDL-c between groups remained signifi-
cant.

The number of GGN repeats in the whole series (Table 2) was
only weakly correlated with insulin (rho=-0.104; P=0.020) and
HOMA (rho=-0.098; P=0.029). However, these correlations, and
also the GGN correlation with the McAuley index substantially
improved when only men were included in the analysis (insulin:
rho=-0.206, P=0.02; HOMA: rho=-0.230, P=0.001; McAuley
index: rho=0.194, P=0.004).

Table 4 summarizes the effect of the average number of GGN
repeats in men (excluding those considered diabetic), grouped in
tertiles,(GGN < 23; GGN =23, or GGN > 23) on mean levels of insulin,
HOMA and the index proposed by McAuley, the three variables that
were significantly correlated with the polymorphism, expressed
either as unadjusted values, or after adjustment for the same con-
founders stated above. In both cases, men grouped in the upper
tertile showed significantly lower values of insulin and HOMA and
higher values of the McAuley index than those grouped in the other
tertiles.

4. Discussion

This study was carried out in 557 individuals recruited for the
ENCA study, a sample considered to be representative of the gen-
eral population of the Canary Islands, Spain [30-33]. The frequency
distribution of the CAG alleles found in this study is similar to other
Caucasian populations [18]. The GGN frequencies are also similar
to those found in other Caucasian populations which have been
studied. The slight differences may be attributable to variations in
sample size.

An original result derived from this study has been the clear
influence of the CAG repeat polymorphism of the AR gene on LDL-c
level in women. Plasma levels of LDL-c are regulated in part by the
clearance of LDL by the hepatic LDL receptor (LDLR), a cell surface
receptor that binds and internalizes LDL, thus reducing plasma LDL-
c[34].

The association between the average number of CAG repeats grouped in tertiles, serum levels of LDL-c, IGF-I1 and the IGF-I/BP-3 ratio in women.

Variable Average number of CAG repeats Number of participants Unadjusted values mean (95% CI) P Adjusted values mean (95% CI) P
3LDL- <20 81 3.64 (3.45-3.89) 3.70 (3.35-4.04)
c 20.5-22 113 3.72(3.43-3.86) 3.99(3.73-4.25)
(mmol/1) >22 97 3.22(2.98-3.46) 0.013 2.96 (2.59-3.33) <0.001
IGF- <20 87 172.8 (163.3-190.3) 172.2 (155.1-189.3)
[ 20.5-22 120 173.7 (162.2-185.2) 173.2 (159.7-186.7)
(pngf/l) >22 107 155.2 (142.7-167.7) 0.033 162.8 (144.1-181.5) 0.654
IGF/BP- <20 87 23.65 (21.72-25.59) 23.17 (20.84-25.51)
3 20.5-22 120 23.17 (21.64-24.70) 22.63 (20.80-24.47)

>22 107 20.52 (19.09-21.96) 0.015 20.64 (18.10-23.18) 0.309

2 Excluding women receiving hypolipidemic medication (n=21). Adjustments were made for age, BMI, waist-to-hip ratio, menopausal status, smoking and alcohol drinking.

Table 4

The association between the number of GGN repeats, serum levels of insulin, HOMA and the McAuley indexes in men considered non diabetic (n=218).

Variable GGN repeats N Unadjusted values Adjusted values
Mean (95% CI) P Mean (95% CI) P

Insulin <23 47 11.50 (10.13-13.04) 11.72 (10.39-13.21)
(mu/1) =23 106 10.88 (9.95-11.89) 10.74 (9.92-11.63)

>23 65 9.22 (8.34-10.20) 0.016 9.37 (8.41-10.43) 0.021
HOMA <23 47 2.37 (2.03-2.76) 2.40 (2.09-2.77)

=23 106 2.32(2.10-2.56) 2.28(2.08-2.50)

>23 65 1.81(1.61-2.03) 0.007 1.87 (1.64-2.12) 0.014
McAuley <23 47 6.55 (6.06-7.03) 6.43 (6.02-6.84)
index =23 106 6.64 (6.35-6.93) 6.68 (6.41-6.96)

>23 65 7.35(6.95-7.75) 0.004 7.34(6.97-7.71) 0.003

Adjustments were made for age, BMI, waist-to-hip ratio, smoking and alcohol drinking.
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The LDLR is induced by estrogens, whereas androgens counter-
act that effect of estrogens [34,35]. Given that shorter CAG tracts
lead to an increase of transcriptional AR activity [1], it is conceiv-
able that they also increase the suppressor effect of androgens on
the estrogen-induced LDLR. This might explain the association of
shorter AR CAG tracts with the higher level of LDL-c found in women
here in this study. Neither our study nor that of Zitzmann et al. [19]
found any relationship between the AR CAG tract length and LDL-
c in men. This suggests that the estrogenic effect on LDLR in men
might not be strong enough to be significantly modulated by the
CAG polymorphism of the AR gene.

The shorter CAG repeat of the AR gene has been found to be
associated with more severe cardiovascular disease and reduced
endothelial response to ischemia in men [21]. The results here
reported suggest that shorter CAG tracts might also be harmful for
arteriosclerosis in women, since they increase the LDL-c.

Another original result derived from this study has been the
strong relationship between the GGN polymorphism of the AR gene
and insulin resistance in men. Type 2 diabetes is more prevalent in
men than in women [36], which suggests that the differences could
reside in endogenous sex hormones. However, the causal relation-
ship of androgen to insulin resistance is still controversial [37].

Castrated male rats exposed to supraphysiological doses of
testosterone have increased insulin resistance, whereas physiolog-
ical testosterone replacement improves insulin [38]. In female rats,
moderate increases of testosterone concentration are followed by
a marked decrease in insulin sensitivity [39-41].

Two large studies in healthy men have shown an inverse cor-
relation between testosterone and insulin levels [41-43]. Clinical
studies have reported an association of insulin resistance with low
serum testosterone concentrations in men, suggesting that this
could be a predictor of type 2 diabetes [44-47]. Conversely, nor-
mal puberty is associated with an increase in insulin resistance in
men [48] and testosterone replacement therapies seem to reduce
insulin resistance and visceral adiposity in type 2 diabetic men
[36,49,50]. Therefore, there are some data linking androgen levels
and insulinemia in men, but many aspects are yet to be elucidated.

The negative association described here between the GGN poly-
morphism of the AR gene and insulin resistance indicates that
the higher androgenic signaling due to shorter GGN repeats is
associated with markers of insulin resistance (i.e., higher insulin
concentration, higher HOMA and lower McAuley indexes). Unfor-
tunately, it was not possible to obtain data regarding serum
testosterone levels from the ENCA study. However, our results sug-
gest that GGN polymorphisms can be considered as modulators of
testosterone capability to carry out actions affecting the complex
mechanism leading to insulin resistance.

Large number of observations shows, a mutual relationship
between androgens, body fat distribution, and insulin sensitiv-
ity and also involved in the regulation of HDL-c and triglyceride
metabolism [51,52].

Morbidly obese and insulin resistant men frequently have low
serum levels of testosterone that increase upon weight loss [53].
Estradiol levels show the opposite changes to testosterone with
obesity and weight loss. It has been suggest that obesity cause
hypostestosteronemia by increased aromatization of testosterone
to estradiol in the adipose tissue. On the other hand, hypogonadal
men are frequently obese with increased levels of leptin and insulin
[54]. Substitution of testosterone in hypogonodal men decreased
HDL-c levels.

Treatment with supraphysiological doses of testosterone in nor-
mal men decreased HDL-c by about 20%. Conversely, biochemical
suppression of endogenous testosterone increase HDL-c [55,56].
Exogenous testosterone administration only produced a fall in HDL-
c in the presence of aromatase inhibitors. These observations and
the finding of low HDL-c in men with aromatase deficiency or stro-

gen resistancy suggest that physiological tissue level of estradiol
play a role in maintaining the physiological levels of HDL-c in men.

In women, mutual interrelationships have also been observed
between testosterone, adipose tissue, and insulin sensitivity. On
one hand, insulin sensitivity contributes to the pathogenesis of
hyperandrogenemia in polycystic ovary syndrome (PCOS). Insulin
stimulates androgen ovary synthesis via its cognate receptor [57].
Since the ovaries remain sensitive to insulin, while other tissues
as fat and muscle are resistant [58]. In support of this, treatment
of insulin resistance in woman with PCOS, significantly decreased
serum insulin levels as well as testosterone [59]. Concomitantly,
plasma levels of HDL-c increased. These data imply that hyperinsu-
linemia contributes to the ovarian hyperandrogenism in PCOS. Vice
versa, lowering androgen levels using GnRH agonist and AR block-
ade in hyperandrogenic women were also found to improve insulin
sensitivity and lipid profile [60-62].

As we explained above, large CAG repeat tracts decrease the AR
transcriptional activity while large GGN tracts decrease the amount
of AR protein available inside the cell, both contributes to fall the
androgen gene expression trough AR pathway.

Taken into account the physiological testosterone effects in the
regulation of cholesterol, and insulin resistance, either in men or
women, we can conclude that: longer CAG alleles in the exon-1 of
the AR gene lead to a lower LDL-c level in women, whereas longer
GGN alleles lead to lower insulin resistance in men. These results
support the hypothesis that AR gene polymorphisms that produce
lower androgenic signaling protect women from developing dys-
lipemia, and men from developing insulin resistance.
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