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Introduction

Summary

The metabolic syndrome (MS) includes a clustering of metabolic derange-
ments. Low testosterone levels have been shown to be associated with both
components of MS and MS per se. As most androgen-related effects are medi-
ated thorough the androgen receptor (AR), we wanted to investigate to which
degree the AR CAG and GGN repeat polymorphisms might be related to MS.
Sixty-eight men, 60-80 years old, with subnormal total testosterone levels
(<£11.0 nmol/L) and 104 men with normal levels (>11.0 nmol/L), participating
in a nested case—control study were investigated in this study. Body weight,
height, waist circumferences and blood pressure were measured. Fasting blood
samples were drawn and an oral glucose tolerance test (OGTT) was performed.
The CAG and GGN polymorphisms in the AR gene were determined by direct
sequencing of leucocyte DNA. Men with MS had lower CAG repeat number
than healthy men (p = 0.007). There were, however, no difference in CAG or
GGN repeats length between the groups with subnormal or normal testosterone
concentrations. In cross-sectional analyses, men with CAG repeat lengths < 21
had significantly higher fasting glucose, C-peptide and glycosylated haemoglo-
bin (HbAlc) levels (all p < 0.05). In multiple regression analyses, CAG repeat
length was an inverse and independent predictor of glucose after an OGTT and
of HbAlc levels. We also found that men with more than one component of
MS had shorter CAG repeat number (p for trend 0.013) than those with only
one component. In conclusion, there were no associations with GGN repeat
length, while short CAG repeat length seems to be associated with increased
risk of MS.

et al., 2001; Kalyani & Dobs, 2007). Recently, the rela-
tionship between androgen deficiency and both diabetes

In many countries glucose intolerance, central obesity and
high blood pressure is an increasing health problem and
in the United States almost half of all men older than
60 years have been estimated to have the so called meta-
bolic syndrome (MS), and the prevalence is expected to
increase in coming years (Ford et al., 2002, 2004). The
MS includes a clustering of metabolic derangements, low
high density lipoprotein (HDL) cholesterol, hypertriglyce-
ridaemia, glucose intolerance, central obesity and high
blood pressure (Kalyani & Dobs, 2007; Svartberg, 2007),
and is strongly associated with an increased risk for
cardiovascular disease (CVD) and type 2-diabetes (Isomaa

and MS has been in the focus of research (Kalyani &
Dobs, 2007; Kapoor & Jones, 2008). Low testosterone lev-
els and hypogonadism has been associated with both dia-
betes, the individual components of MS and MS per se
(Svartberg, 2007).

Most effects of androgens are exerted via the androgen
receptor (AR), although some effects are mediated via the
oestrogen receptors after aromatization. The AR gene is
located on chromosome X (Xql1.2-q12) (Lubahn et al.,
1988; Brown et al., 1989) and belongs to the nuclear
receptor family of ligand-activated transcription factors.
The NH,-terminal domain, with the transactivating
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capacity, contains a glutamine repeat, encoded by
(CAG)nCAA and a glycine repeat, encoded by
(GGT)3(GGG)(GGT)2(GGC)n (Lubahn et al, 1989),

commonly referred to as the CAG-and the GGN repeat,
respectively. The length of the CAG repeat sequence is
spanning from approximately 10-30 repeats, with an
average length of 22 repeats in Caucasian populations
(Lundin et al., 2003). Abnormal expansion of the CAG
repeat length (>40CAG) leads to the neuromuscular dis-
ease spinal bulbar muscular atrophy also known as
Kennedy’s disease, which is accompanied by signs of
hypoandrogenism (La Spada et al., 1991). Regarding the
GGN segment, little is known so far both with respect to
normal physiological function and possible pathophysio-
logical conditions. There are no strong associations with
any diseases reported, although short GGN repeats have
been reported to correlate with decreased semen volume
(Lundin et al., 2006), indicative of lower androgen activ-
ity. In middle-aged and old men, GGN number different
from 23 combined with CAG number of 23 or less was
reported to be associated with a higher waist-to-hip ratio
(Gustafson ef al., 2003). Thus, the AR polymorphism may
modulate the association between testosterone and MS,
and a few recent studies have presented data on the associ-
ations between CAG repeats and some of the components
of MS (Zitzmann ef al., 2001, 2003; Hersberger et al.,
2005; Walsh ef al., 2005), However, previous reports
regarding the association between the AR gene polymor-
phisms and MS are conflicting. In this study, we wanted
to investigate on elderly men, the degree to which the AR
CAG and GGN repeat polymorphisms are associated with
MS as well as with the individual components of MS.

Materials and methods

Subjects and assessments

The study population and the methods has been presented
earlier (Svartberg et al, 2008), but shortly the Tromse
study is an ongoing general health survey performed for
the fifth time in 2001 in a manner similar to the previous
ones (Bonaa & Arnesen, 1992). In the fifth survey, all men
and women 30 years and older, living in the municipality
of Tromse and who participated in the second phase of the
previous fourth Tromse study in 1994/1995 (Svartberg
et al., 2003) or became 30, 40, 45, 60 or 75 years old during
2001, were invited to participate. Non-fasting blood sam-
ples were drawn between 08.00 and 18.30 h and analysed
for serum total testosterone.

In 2005, all men aged 60—80 years with a serum total
testosterone level < 11.0 nmol/L in the survey in 2001
were invited for a follow-up examination at the Clinical
Research Unit at the University Hospital of North Nor-
way. For each subject, a randomly selected aged-matched
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control subject from the same survey with serum total tes-
tosterone > 11.0 nmol/L was also invited. The invitation
letter informed about the purpose of the study, but did
not disclose the subject’s testosterone level. Amongst the
3447 men with serum total testosterone, measurements in
the fifth Tromse study in 2001, 335 men with age between
60 and 80 years in 2005, had a serum total testosterone
level < 11.0 nmol/L, and were invited for the follow-up
study. Amongst these, 157 attended and 69 men still had
total testosterone levels < 11.0 nmol/L. This time the sam-
ples were drawn between 08.00 and 11.00 h. The majority
of the men had testosterone levels between 6.0 and
11.0 nmol/L, and they are therefore referred to as having
subnormal testosterone levels. Three hundred and thirty-
five subjects, with serum total testosterone levels
> 11.0 nmol/L in the fifth Tromse study, were invited as
age-matched controls. Amongst the 124 who attended,
104 still had a total testosterone concentration in the nor-
mal range > 11.0 nmol/L. Those who still had total testos-
terone levels in the same range were informed that their
testosterone levels were similar to that at the fifth Tromse
study and invited for additional examinations, and those
consenting returned on a separate day to the Clinical
Research Unit for more extensive investigations. Fasting
blood samples were drawn at 08.00 h and a 2-h oral glu-
cose tolerance test (OGTT) with ingestion of 75 g glucose
was performed. Height, weight and waist circumference
(WC) were measured in subjects wearing light clothing
without shoes. Body mass index was calculated (kg/m?).
Blood pressure was measured in seated position by use of
an automatic device (Propaq 102 El; Protocol Systems
Inc., Beaverton, OR, USA) and three recordings at 1-min-
ute intervals were taken, and the mean of the last two val-
ues was used in this report. The study was approved by
the Regional Research Ethics Committee, and all partici-
pants gave written informed consent to participate.

Sex hormone analyses and biochemistry

Serum total testosterone and oestradiol were analysed by
electrochemical luminescence immunoassay using an auto-
mated clinical chemistry analyzer (Modular E; Roche Diag-
nostics GmbH, Mannheim, Germany). The total analytical
precision, expressed as the sum of intra- and interassay
coefficients of variation (CV,), was 5.6 and 4.7% and the
reference range was 10-28 nmol/L and < 0.20 nmol/L,
respectively. Serum sex hormone-binding globulin
(SHBG), insulin and C-peptide were analysed by immu-
nometry based on chemiluminescence using an automated
clinical chemistry analyzer (Immulite 2000; Diagnostic
Product Corp., Los Angeles, CA, USA). The CV, were 5.2,
8.8 and 7.3% respectively. Plasma glucose was measured by
an enzymatic colorimetric assay using an automated clini-
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cal chemistry analyzer (Modular P; Roche Diagnostics
GmbH). Similarly, serum cholesterol, low-density lipopro-
tein cholesterol, HDL cholesterol and triglycerides were
measured by Modular P and the CV, were 2.7, 2.7, 2.0 and
2.3%, respectively. Glycosylated haemoglobin (HbA1lc) was
measured by using a Variant II high performance liquid
chromatography (Bio-Rad Laboratories, Hercules, CA,
USA). The analysis, certified by the Norwegian glycohemo-
globin standardization program, had a CVa < 3.0%. Free
testosterone was calculated from total testosterone and
SHBG using a fixed albumin value according to the for-
mula by Vermeulen et al. (1999).

Analysis of AR gene polymophisms

Genomic DNA was extracted from peripheral leucocytes
and the GGN repeat was amplified in a 50 uL. PCR con-
taining approximately 10 ng DNA, 0.5 umol/L of each of
the primers: F-CGGTTCTGGGTCACCCTCA and R-TC-
ACCATGCCGCCAGGGTA (Invitrogen Corp., San Diego,
CA, USA), 1.5 mmol/L MgCl,, 200 pmol/L of dATP,
dCTP and dTTP each, 100 umol/L dGTP and 7-deaza-
dGTP (Roche Diagnostics GmbH) respectively, 45 mmol/L
KCl, 10 mmol/L Tris-HCl (pH 8.4 at 70 °C), 0.1%
Tween 20 and 0.5 units of Dynazyme DNA polymerase
(Finnzymes Oy, Espoo, Finland). Amplification was per-
formed for 35 cycles in an Eppendorf Mastercycler (Ep-
pendorf, Hamburg, Germany). Each cycle included
denaturation at 96 °C for 45 sec, primer annealing at
61 °C for 45 sec and primer extension at 72 °C for
1 min, with an initial denaturation step at 96 °C for
3 min and a final extension step at 72 °C for 5 min.

The CAG repeat was amplified in a 50 uL PCR con-
taining approximately 10 ng DNA, 0.3 umol/L of each
of the primers: F-TTAGGGCTGGGAAGGGTCTA and
R-TGGGGCCTCTACGATGGGCT, 1.5 mmol/L MgCl,
200 pumol/1 dNTPs, 45 mmol/L KCl, 10 mmol/L Tris—
HCI (pH 8.4 at 70 °C) and 0.5 units of Dynazyme DNA
polymerase. Amplification was performed for 35 cycles.
Each cycle included denaturation at 96 °C for 1 min, pri-
mer annealing at 61 °C for 45 s and primer extension at
72 °C for 2 min, with an initial denaturation step at
96 °C for 3 min and a final extension step at 72 °C for
5 min. PCR products were purified, directly sequenced
with the reverse primers from the PCRs, precipitated,
resuspended and run externally on an eight-capillary
Beckman Coulter CEQ 2000XL (Beckman Coulter, Bro-
mma, Sweden) sequencing gear.

Metabolic syndrome

The prevalence of MS and its components were defined
using the National Cholesterol Education Program Adult
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Treatment Panel III (NCEP) recommended criteria
(Expert Panel on Detection, Evaluation, and Treatment of
High Blood Cholesterol in Adults, 2001). Participants
were classified as having MS if any three or more of the
following components were present: abdominal obesity
(WC > 102 cm), triglycerides > 150 mg/dL (> 1.7 mmol/
L), HDL cholesterol < 40 mg/dL (< 1.04 mmol/L), fast-
ing glucose >110 mg/dL (> 6.1 mmol/L), or blood pres-
sure of > 130/85 mmHg. Participants with documented
use of antihypertensive medication were categorized as
meeting the blood pressure criteria. Diabetes was defined
using the American Diabetes Association 1998 guidelines
(Alberti & Zimmet, 1998).

Statistical analysis

Normal distribution was evaluated with determination of
skewness and histograms. Total and free testosterone was
considered normally distributed. Men with subnormal
and normal levels and men with CAG repeat lengths < 21
and > 21 and three groups of GGN repeat lengths (< 23;
23; > 23) were compared using Student’s f-test. Pearson
correlations were used when analysing for univariate asso-
ciations. Multiple regression analyses were performed to
identify independent predictors of MS components.
ANOVA was used to calculate mean adjusted CAG repeat
lengths according to components of MS. All statistical
tests were two-tailed with statistical significance defined
as p < 0.05. Data were analysed using the spss statistical
package for Windows version 15.0 (SPSS Inc., Chicago,
IL, USA).

Results

Complete data were available on 68 men with subnormal
testosterone (< 11.0 nmol/L) and 104 men with normal
testosterone levels (> 11.0 nmol/L). As seen in Table 1,
there was no difference in the CAG and GGN repeat
lengths between the groups with subnormal and normal
total testosterone levels. The whole population was there-
fore used in the cross-sectional analyses. The range of
normally distributed CAG repeats was 6 to 30, the med-
ian number of repeats being 21. The range of GGN
repeats was 16 to 27 repeats, with 23 and 24 as the most

Table 1 CAG and GGN repeat number in 172 men aged
60-80 years old with subnormal (< 11.0 nmol/L) and normal total
testosterone levels (> 11.0 nmol/L)

n CAG GGN
Subnormal testosterone 68 21.2 (3.6) 23.1(1.8)
Normal testosterone 104 21.9(2.5) 23.2 (1.4)

Values are mean (SD).
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common alleles. In Table 2, the characteristics of the
study population based on number of CAG repeats (<21
vs. >21) are presented. Men with shorter CAG repeats
had significantly higher fasting glucose, C-peptide and
HbA1lc levels (all p < 0.05).

In Pearson correlation analyses, C-peptide and HbAlc
as well as plasma glucose levels 2 h after the OGTT, was
inversely associated with CAG repeat length (r = —0.19,
p =0.011; r = —0.20, p = 0.007 and r = —0.18, p = 0.021,
respectively) (Table 3). In addition, fasting glucose levels
and WC was close of being significant (r = —0.15,
p =0.051 and r = —0.15, p = 0.056, respectively). In mul-
tiple regression analyses adjusted for WC, systolic blood
pressure, triglycerides and HDL cholesterol levels, the
CAG repeat length was found to be an inverse and an
independent predictor of HbAlc and plasma glucose 2 h
after an OGTT (Table 4).

Men having more than one components of MS had
lower number of CAG repeats (p for trend = 0.013)
(Fig. 1). Furthermore, men with MS (= three components
of the NCEP) had lower CAG repeat number, 20.3 (3.9)
vs. 22.0 (2.5), p = 0.001. These associations were signifi-
cant also after adjusting for testosterone levels. There were
no associations with GGN length. We found no associa-
tion between oestradiol levels and CAG or GGN repeats,
and oestradiol was not associated with MS or any of its
components.

Table 2 Comparison of the study population based on CAG repeat
number

<21(n=96) >21(n=76) p

Age 69.5 (5.3) 68.4 (4.3) NS
Total testosterone (nmol/L) 14.2 (6.0) 15.2 (6.7) NS
Free testosterone (pmol/L) 248 (84) 267 (87) NS
Oestradiol (nmol/L) 0.11 (0.02) 0.11 (0.02) NS
SHBG (nmol/L) 42.2 (18.0) 42.2(18.3) NS
BMI (kg/mz) 28.0 (4.0) 27.8 (3.6) NS
Waist circumference (cm) 102 (11) 100 (11) NS
Glucose (mmol/L) = 0 min 6.0 (1.8) 5.5(0.8) 0.022
Glucose (mmol/L) = 120 min 6.6 (2.2) 6.4 (2.5) NS
Insulin (pmol/L) = 0 min 112 (146) 82 (60) NS
Insulin (pmol/L) = 120 min 412 (252) 390 (252) NS
C-peptide (pmol/L) 981 (430) 847 (379) 0.034
HbA1Tc (%) 6.0 (0.8) 5.8 (0.4) 0.024
Total cholesterol (mmol/L) 5.1 (1.1) 5.4 (1.1) NS
HDL cholesterol (mmol/L) 1.5 (0.5) 1.5 (0.5) NS
LDL cholesterol (mmol/L) 3.4 (1.0) 3.7 (1.1) NS
Triglycerids (mmol/L) 1.4(1.2) 1.3(0.7) NS
Systolic blood pressure (mmHg) 133 (21) 133 (20) NS
Diastolic blood pressure (mmHg) 76 (13) 76 (11) NS

NS, not significant; BMI, body mass index; SHBG, sex hormone-bind-
ing globulin; HDL, high density lipoprotein; LDL, low density lipopro-
tein; HbA1c, glycosylated haemoglobin.
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Table 3 Pearson’s correlations between CAG repeats number and
covariates

CAG p
BMI (kg/m?) -0.12 NS
Waist circumference (cm) -0.15 0.056
Glucose (mmol/L) — 0 min -0.15 0.051
Glucose (mmol/L) — 120 min -0.18 0.021
Insulin (pmol/L) = 0 min -0.10 NS
Insulin (pmol/L) = 120 min -0.05 NS
C-peptide (pmol/L) -0.19 0.011
HbA1c (%) -0.20 0.007
Total cholesterol (mmol/L) 0.12 NS
HDL cholesterol (mmol/L) 0.10 NS
LDL cholesterol (mmol/L) 0.08 NS
Triglycerids (mmol/L) -0.04 NS
Systolic blood pressure (mmHg) 0.02 NS
Diastolic blood pressure (mmHg) -0.02 NS

NS, not significant; BMI, body mass index; HDL, high density lipopro-
tein; LDL, low density lipoprotein; HbA1c, glycosylated haemoglobin.

Table 4 Multiple linear regression models

Dependent variables

Glucose — 120 min HbA1c

B P B p
CAG repeat® -0.16 0.042 -0.15 0.037
R? 0.107 0.122

HbA1c, glycosylated haemoglobin.
?Adjusted for waist circumference, systolic blood pressure, triglycerides
and HDL cholesterol.

24
23 -
22 -
21
20 -
19 -
18 -

17 T T T T T 1
0 1 2 3 4 5
Number of components of the metabolic syndrome

Number of CAG repeats

Figure 1 Age and testosterone adjusted CAG repeat lengths by
number of components of the metabolic syndrome in 172 elderly Nor-
wegian men. The p-value for trend is 0.013 by Anova.

Discussion

The main finding of this study on elderly men was an
inverse association between CAG repeat length and the
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number of components of MS, and that men with
MS had shorter CAG repeat number. Our results are
unchallenged as this is the first study investigating this
relationship. However, a few recent studies have presented
data on the relationship between AR polymorphisms and
different metabolic parameters.

CAG repeat length has been shown to have a modulat-
ing effect on body fat mass with lower number of CAG
repeat and low body fat mass (Zitzmann et al, 2003;
Campbell et al., 2007). Insulin levels were also found to
be positively associated with the number of CAG repeat
(Zitzmann et al., 2003). These results would suggest that
a lower number of CAG repeat would be beneficial with
respect to metabolic parameters. However, men who had
an uncommon GGN genotype (not 23) and a short CAG
(<23) were fivefold more likely to be in the upper 10th
percentile of waist-to-hip ratio based on iliac crest cir-
cumference for waist measurements (Gustafson et al.,
2003), and two studies found that a higher number of
CAG repeat was associated with increased fat-free mass
(Walsh et al., 2005; Campbell et al., 2007). Furthermore,
HDL cholesterol levels have been found to be positively
associated with the number of CAG repeat (Zitzmann
et al., 2001; Hersberger et al, 2005). Finally, Alevizaki
et al. (2003) found more pronounced coronary artery dis-
ease in men with short CAG repeat number. Thus, within
the normal range, long CAG repeat number was found to
be associated with both adverse and beneficial effects with
respect to metabolic parameters.

Type 2 diabetes and CVD are major causes of morbid-
ity and mortality (Grundy et al., 1999). Unfortunately, by
the time of clinical symptoms, irreversible vascular dam-
age has already occurred. MS is identified as a precursor
state to CVD and several recent follow-up studies have
shown that low levels of total and free testosterone are
independent predictors of MS (Laaksonen et al, 2003;
Tong et al., 2005; Corona et al., 2006; Kupelian et al.,
2006). In non-diabetic Finish men, low total and free tes-
tosterone was associated with all elements of the MS and
in men who had total and free testosterone in the lower
tertile were approximately two times more likely to have
MS (Laaksonen et al., 2003). Laaksonen ef al. (2003) sug-
gested that the definition of MS in men may be expanded
to include hypogonadism as a diagnostic parameter.
Hypogonadism, obesity and insulin resistance are linked
to each other, the causal relationships between these fac-
tors, however, remain unclear. Hypogonadal men have
reduced lean body mass and increased fat mass compared
with normal men (Marin & Arver, 1998). Low-dose
androgen treatment has been shown to increase lean body
and muscle mass and to decrease abdominal fat of both
younger and older hypogonadal men (Rebuffe-Scrive
et al., 1991; Snyder et al., 1999; Svartberg et al., 2008). In
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addition, lower levels of testosterone have been shown to
predict central obesity (Khaw & Barrett-Connor, 1992).
Others, however, have suggested that obesity plays a cau-
sal role in the decline of total and free testosterone levels
(Glass et al., 1977) and weight loss in obese men increases
total and free testosterone (Kaukua et al., 2003; Niskanen
et al., 2004). The enzyme aromatase is expressed in
abundance in adipose tissue and converts testosterone to
17f-oestradiol and it is suggested that the increased con-
version of testosterone to oestradiol in adipose tissue may
induce low testosterone levels in obese men. In a study
on AR knock-out mice, bone remodelling was impaired.
This bone loss was only partially prevented by treatment
with aromatizable testosterone. Another hallmark of the
male mice was late onset of obesity, which suggested that
the AR may serve as a negative regulator in adipocyte
development in adult males (Tsuda, 2008).

Recently, Laaksonen et al. (2005) showed that middle-
aged men who developed MS during an 11-year follow-
up study or had MS at baseline and follow-up had
respectively four and three times higher risk of developing
hypogonadism, defined by total testosterone <11 nmol/L.
Men who no longer had MS at follow-up did not have
increased risk of developing hypogonadism. Although low
testosterone levels and hypogonadism are associated with
MS, the causal relationships are not completely under-
stood. In our study the AR polymorphism seemed to be a
modulator of the testosterone effect, as we consistently
found lower number of CAG repeat in men with a less
favourable metabolic situation and in men with MS
per se.

The finding of lower number of CAG repeat in men
with less favourable metabolic profile and in men with
MS might at a glance be challenging the proposal that
androgens prevent the development of MS, since men
with lower number of CAG repeats are considered to be
more sensitive to androgens (Tut et al, 1997; Zitzmann
et al., 2003). However, a higher number of CAG repeat
number has been found to be compensated with higher
testosterone concentrations, and CAG repeat lengths are
positively associated with both total and free testosterone
(Skjaerpe et al., in press). Thus, in men with higher CAG
repeat number, the lower androgen sensitivity could at
least partly be compensated by higher testosterone levels.
The association between MS and the CAG repeat lengths
could possibly have been directly related to the testoster-
one levels, but adjusting for testosterone did not change
the independent association. An alternative explanation
of our findings might be a possible protective role of
endogenous oestrogens in relation to the risk of MS.
Men with long CAG stretches have been reported to
have higher oestradiol levels (Alevizaki ef al, 2003)
because of aromatase-mediated conversion of testoster-
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one to oestradiol. In post-menopausal women, oestrogen
replacement reduces the risk of MS (Rosano et al,
2006). Whether oestrogens have the same protective role
in men is yet unknown, but the finding that aromatase-
deficient knock-out mice become obese (Misso et al.,
2003) might indicate a general protective effect of oes-
trogens. However, endogenous oestradiol levels in our
study had a neutral effect.

Some limitations to our study should be recognized.
First of all, the number of men participating was limited
and our result needs to be confirmed in larger studies. In
addition, the men were older and their participation in
the study was based on their testosterone levels. Thus the
results may not be generalized. In a cross-sectional study,
it is usually not possible to decide the direction of the
association, but when studying genetic factors an associa-
tion is probably because of the genotype. Finally,
although the differences in CAG repeats were significant
the difference between men with MS and those without
the MS was modest.

In conclusion, this is the first study to show an associa-
tion between the AR polymorphism CAG and MS.
Although, this association is unlikely to be of importance
in a clinical perspective, it may be one important piece in
the puzzle on the complex relationship between MS and
androgen deficiency.
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