
Abstract

Aims/hypothesis. The relationship of androgens to the
metabolic syndrome has not been resolved. The poly-
morphic number of CAG repeats within the androgen
receptor gene is inversely associated with the tran-
scriptional activity of target genes.This polymorphism
might thus influence testosterone effects on body fat
content and serum concentrations of leptin and insu-
lin. The direct and indirect role of androgens within
the metabolic syndrome should become clearer if this
genetically determined effector is taken into account.
Methods. The hypothesis was investigated in a cross-
sectional study involving 106 healthy 20–50 year old
males.
Results. Multiple regression models showed a positive
independent correlation of the CAG repeat number
with body fat content, leptin and insulin (partial
r=0.39, 0.36 and 0.28, p<0.001, p<0.001 and p=0.006,
respectively). Factor analysis yielded a five-dimen-
sional model: two dimensions were influenced by the

androgen receptor polymorphism, namely “body com-
position” which consisted of leptin, body fat mass, in-
sulin, the number of CAG repeats (positive loadings)
and physical activity (negative loading), and “lipid
profile” which comprised low density lipoprotein cho-
lesterol, cigarette smoking, triglycerides (positive
loadings) as well as high density lipoprotein cholester-
ol and number of CAG repeats (negative loadings).
Conclusions/interpretation. A low number of CAG re-
peats were independently associated with protective
parameters (low body fat mass and plasma insulin) as
well as with adverse parameters (low high density li-
poprotein cholesterol concentrations). This suggests
that the pivotal role of this polymorphism in modulat-
ing androgen effects on cardiovascular risk factors is
of a complex nature and implies that its clinical im-
pact, similar to that of androgens, is dependent on ex-
ogenous cofactors. [Diabetologia (2003) 46:31–39]
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The term “metabolic syndrome” describes a pre-dia-
betic and pro-atherogenic state which is characterized
by overweight, impaired glucose tolerance, hyperinsul-
inaemia, arterial hypertension, low concentrations of
high density lipoprotein (HDL) cholesterol, hyper-
triglyceridaemia and disturbed haemostasis [1, 2, 3, 4,
5, 6]. Several cross-sectional population studies found
correlations between serum concentrations of testoster-
one and these cardiovascular risk factors, which, how-
ever, were opposite in men and women and which are
profoundly influenced by mutual interrelationships be-
tween testosterone, adipose tissue and insulin action.
In men, testosterone serum concentrations were fre-
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quently found to have inverse correlations with body
mass index (BMI), waist circumference, waist-hip-ra-
tio (WHR), amount of visceral fat as well as with se-
rum levels of leptin, insulin and free fatty acids [7, 8,
9, 10, 11, 12, 13, 14, 15, 16, 17, 18, 19, 20, 21, 22].
These markers of obesity and insulin resistance also
show correlations with the cardiovascular risk factors
of the metabolic syndrome [1, 12]. Due to these com-
plex interrelationships it is not clear to what extent mu-
tual interactions of direct or indirect nature exist be-
tween androgens and adipose tissue, insulin sensitivity
and cardiovascular risk factors. It seems that testoster-
one has a diminishing effect on leptin secretion while
this hormone can simultaneously induce LH produc-
tion in the pituitary and suppress testicular steroido-
genesis [18]. Complicating this further, concentrations
of sex hormone binding globulin (SHBG) are negative-
ly related to body fat content, which is putatively me-
diated by insulin [10, 23, 24, 25]. These fluctuations of
SHBG concentrations modulate the amount of un-
bound, bioactive testosterone [26]. Endogenous testos-
terone concentrations are most likely positively associ-
ated with glucose utilization and insulin sensitivity [8,
9, 13]. This applies to the effects of external testoster-
one in hypogonadal men, as well [14, 15]. Age, smok-
ing habits, alcohol consumption, physical activity and
nutrition habits represent further confounding variables
as they more or less influence all the above named pa-
rameters and also lipid metabolism [23, 24, 25].

A genetically determined and, hence invariable, pa-
rameter with modulatory activity of testosterone target
genes would represent an ideal way to assess the caus-
al role of androgens in the metabolic syndrome and
would help to distinguish between direct and indirect
mechanisms. Such a gene is the androgen receptor
(AR) which mediates the genomic effects of testoster-
one. A variable number of CAG repeats (CAGr) in ex-
on 1 of the AR gene on the X-chromosome, which nor-
mally ranges between 9 and 35 [27, 28] encodes for a
variable number of glutamine residues in the aminoter-
minal domain of the receptor and is inversely associat-
ed with the transcriptional activity of testosterone tar-
get genes [29,30]. As clinical consequences, the num-
ber of CAGr was shown to be inversely associated
with the risk of prostate cancer [27, 28, 31, 32, 33], be-
nign prostatic hyperplasia [34, 35], sperm production
[36, 37], bone density [38], endothelial function and
HDL-cholesterol concentrations [39] as well as depres-
sion [40]. Furthermore, abnormal expansion of the
CAGr length leads to Kennedy’s disease, which is ac-
companied by morphological hypoandrogenic traits
[41, 42]. In this study we exploited this genetic deter-
mination of androgenicity to examine the causal con-
tribution of testosterone to the regulation of body fat,
leptin and insulin within a network of confounding
variables, i.e. serum concentrations of sex hormones,
lifestyle, age and various components of the metabolic
syndrome. The direct and indirect role of androgens

within the metabolic syndrome should become clearer
if the genetically determined effector of CAGr length
in the AR gene is taken into account. Respective con-
flicting former results might be unravelled if testoster-
one activity within these metabolic entities is modulat-
ed to a degree by this polymorphism.

Materials and methods

Subjects. The study was approved by the Ethics Committee of
the University and the State Medical Board, Münster, Germany
(number 0VIINie1). Local newspaper advertisements were
placed to recruit healthy male Caucasians, from 20 to 50 years
old, as volunteers willing to participate in a one-term clinical
study. Information concerning clinical, biochemical and genet-
ic investigations was provided and all volunteers gave written
informed consent. Subjects were all interested in obtaining the
results and received reimbursement for transportation. After
exclusion of men with previous androgen use, history or symp-
toms that indicated atherosclerosis, diabetes mellitus and arte-
rial hypertension as well as dyslipoproteinaemia, medication of
any kind, drug abuse, a possible state of androgen deficiency
(total serum testosterone below 12 nmol/l or free testosterone
below 250 pmol/l), alcohol intake of more than 40 g/d, renal or
hepatic illness by history, physical examination and se-
rum/blood analysis, 110 men were eligible to participate in the
study. Further to this eight men were excluded because of med-
ication for arterial hypertension, three were excluded for use of
cholesterol-lowering drugs, two were excluded for extensive
alcohol consumption, one was excluded for previously diag-
nosed and treated Type 1 diabetes. No exclusion was necessary
because of abnormal laboratory findings or a physical exam
showing pathological entities of any kind. Smoking habits, al-
cohol consumption (g/d), body weight and height and body
mass index (BMI) were recorded. Cigarette smoking was cate-
gorized as non-smoking (0), smoking less than 10 cigarettes
per day (1), smoking 10 to 20 cigarettes per day (2) and more
than 20 cigarettes per day (3). Physical activity was expressed
as the amount of strength and/or endurance training in hours
per week, resulting in an overall score of one (none) to six (>9
hours/week). This information was obtained by a standardized
interview (Re-testing interobserver CV in 18 subjects after 3
months was 8.5%). A potential bias might be caused by includ-
ing men who were interested in their body composition and
health parameters (e.g. lipid profiles). Since a proportion of the
men were smokers (42 out of 106), the selection of a sub-
group that followed an exceptionally health-conscious lifestyle
was not likely. The distribution and mean of CAG repeats is in
agreement with other larger studies in Caucasians [27]. All ex-
aminations and blood sampling were carried out between 8 am
and 11 am after an overnight fast including abstinence from
caffeine-based drinks for 12 h. The clinical part of the study
was completed within 4 weeks during the summer. Since the
amount of blood drawn was restricted to 60 ml, multiple deter-
minants were assessed and serum was scarce, complete param-
eters including leptin, insulin and c-peptide concentrations
were assesssed in 106 volunteers. Other results of this study
have been published previously [38, 39].

Bioimpedance measurements. Body fat content was assessed 
by bioimpedance measurement using a B.I.A 2000-M multi-
frequency body composition analyzer (Data Input, Frank-
furt/Main, Germany). A multifrequent alternating current (1, 5,
50 or 100 kHz, respectively) was used to eliminate variations of
extracellular and intracellular water content. This method is
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more accurate than a single frequency approach [43]. The same
apparatus was used throughout, following the instructions given
by the manufacturer. The patients were examined in a supine
position after voiding. Total body water (TBW) was calculated
from the measured impedance using the following formula:
TBW=height2/impedance x 0.585+1.825 [44]. Fat-free mass
(FFM) was then calculated from the TBW by assuming 73.2%
hydration of FFM: FFM=TBW/0.732 [45]. Body fat mass
(BFM) was calculated using a two-compartment model: body
weight=FFM + BFM. In our institute, the intraobserver coeffi-
cient of variation (CV) is 2.34%, the interobserver CV is 6.77%
(based on measurements by three investigators in 15 subjects).
All measurements were carried out by one investigator.

Hormones and lipids. Serum testosterone (T) concentrations
were measured with ELISA (DRG Instruments, Marburg, Ger-
many), serum concentrations of LH, FSH, prolactin, prostate
specific antigen, SHBG and estradiol with highly specific
time-resolved fluoroimmunoassays (Autodelfia, Freiburg, Ger-
many). Mean intraassay CV were below 5%, mean interassay
CVs below 10%. Concentrations of free testosterone were cal-
culated from concentrations of SHBG and total serum testos-
terone according to the law of mass action, using 3.6×104 l/mol
as the association constant of testosterone with albumin and
1×109 l/mol with SHBG. This method yields highly reliable
values of free testosterone concentrations [26].

Serum concentrations of insulin and C-peptide were as-
sessed by solid-phase, two-site chemoluminescent enzyme-la-
belled immunometric assays (Immulite Insulin/C-peptide, Di-
agnostic Products, Los Angeles, Calif., USA). The intra-assay
coefficients of variation (CV) were 3.8% and 7.5%, respective-
ly, and the interassay CVs 4.8% and 8.4%, respectively. Leptin
serum concentrations were measured with a radioimmunassay
(Mediagnost, Reutlingen, Germany), with intra-assay and in-
terassay CVs being 5% and 7.6%, respectively.

A Hitachi 917 autoanalyzer was used for the quantification
of serum concentrations of triglycerides and cholesterol with
enzymatic tests, of HDL cholesterol with a homogenous assay
and of apoA-I and Lp(a) with (latex-enhanced) turbidimetric
immunoassays (Hitachi/ Roche Diagnostics, Mannheim, Ger-
many). Imprecision was below 5%. LDL cholesterol was cal-
culated using the Friedewald formula [46].

Assessment of the number of CAG repeats. This procedure fol-
lowed the method previously described [37, 38]. DNA was iso-
lated from EDTA blood samples using the Nucleon Kit
(Amersham Life Science, Freiburg, Germany). A fragment of
exon 1 of the androgen receptor was amplified by polymerase
chain reaction (PCR), one gel showing irregular bands was dis-
carded. CAG number assessment was repeated twice on two
separate gel runs. Discrepancies were not observed. We cloned
18 random samples and sequenced them to confirm the validity
of the measurement method being used.

Statistics. All variables were checked for normal distribution
by the Kolmogorov-Smirnov one-sample test for goodness-of-
fit applying the calculated niveau of significance according to
Lilliefors. When necessary, analysis was done on logarithmi-
cally transformed data.

Basal bivariate correlations between variables in question
were calculated using the two-sided Pearson’s test after adjust-
ment for age. To calculate the putative influence of various
controlling parameters on single entities such as body fat con-
tent, leptin, insulin, testosterone and SHBG, forward stepwise
multiple regression models were computed.

To further elucidate interdependent net effects and the puta-
tive role of the androgen receptor polymorphism within this
system, the multivariate statistical tool of factor analysis was

used to assess cluster structures. All variables loading with val-
ues lower than 0.35 were discarded in this analysis. A principal
components analysis with orthogonal rotation (varimax) was
applied. Variables used for this analysis were age, body fat
content, physical activity, insulin, leptin, HDL cholesterol,
LDL cholesterol, triglycerides, total testosterone, estradiol,
SHBG, alcohol consumption, cigarette smoking, systolic and
diastolic blood pressure and the number of CAGr.

Computations were done using the statistical software pack-
age SPSS (Chicago, IL, USA, release 10.0.7). Unless otherwise
stated, results are given as means ± standard deviation (SD) in
tables and figures. Two-sided p-values of less than 0.05 were
considered statistically significant. Levels of statistical signifi-
cance are given as asterisks in figures (*,**,***) and (a,b,c) in ta-
bles representing p values below 0.05, 0.01, 0.001, respectively.

Results

Basal data are given in Table 1 (data which were log-
transformed for further analysis are marked with #).
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Table 1. General data of the 106 subjects studied. Data are giv-
en as mean±standard deviation in case of gaussian distribution,
otherwise as range and median. The latter ones were log-trans-
formed for further analysis and are markeda

Parameter Value

Anthropometrical data
Agea years 20–50, 28
Body Mass Index (BMI) kg×m–2 23.8±3.0
Body fat content % 21.4±5.2
Body height cm 182.3±7.2
Body weight kg 79.1±11.7

Sociometrical data
Physical activity Score 2.5±0.9
Non-smokers 64
Smokers 42
Alcohol consumptiona g/week 0–280, 60

Hormones
Total testosterone nmol/l 21.2±5.7
Free testosterone pmol/l 467.7±128.8
Estradiol pmol/l 67.2±18.1
SHBG nmol/l 34.1±12.0
CAG repeats in the AR gene 21.74±3.14
(exon 1)
Range: 14–31

Insulin, leptin, c-peptide
Insulina µU/ml 2.0–29.4, 5.4
Leptina ng/ml 0.5–19.8, 1.95
C-peptidea ng/ml 0.56–2.56, 0.92

Lipid profiles
Total cholesterol mmol/l 4.68±0.95
LDL cholesterol mmol/l 2.78±0.84
HDL cholesterol mmol/l 1.47±0.32
Triglycerides mmol/l 1.27±0.79

Blood pressure
RR systolic mm Hg 123.9±13.4
RR diastolic mm Hg 78.5±9.7
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The number of CAGr ranged from 14 to 31 and was
normally distributed.

Smokers compared to non-smokers had higher con-
centrations of LDL cholesterol (118±34 vs 99 ±31 mg/dl,
p=0.004) and higher concentrations of triglycerides
(139±91 vs. 88±57 mg/dl, p=0.001, both t-tests) but
did not differ otherwise. The amount of alcohol con-
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Fig. 1. Association of the length of CAG repeats in the andro-
gen receptor gene with body fat content (adjusted for age,
r=0.27, p<0.01)

Fig. 2. The 5-factor result as determined by principal compo-
nent factor analysis (varimax). Factors are shown as rectangles
with their respective name above. Components loading with
absolute values higher than 0.35 are shown within the factors
as bars. The respective loading strength of each component can
be seen from the scale ranging from –1 to 1 at the side of each
factor. The CAGr polymorphism is shown as a solid bar, other
components as open bars. Significant correlations between fac-
tors are shown by arrows (Pearsons r is given along with level

of significance: *p<0.05, **p<0.01, ***p<0.001). Abbrevia-
tions: Age age, Alc amount of alcohol consumption, Cig ciga-
rette consumption, Estra estradiol concentrations, Fat body fat
content, HDL HDL cholesterol levels, Ins fasting insulin lev-
els, LDL LDL cholesterol levels, Lept leptin levels, PhysAct
Physical activity score, RD diastolic blood pressure, RS systol-
ic blood pressure, SHBG sex hormone binding globulin levels,
Testo testosterone concentrations, Trigl triglyceride levels

sumed per week was strongly associated with ciga-
rette smoking but with no other parameters (Table 2).

There was a large inter-relation between the vari-
ables included in this investigation as shown in Ta-
ble 2, which shows simple correlations after correc-
tion for age. Testosterone, SHBG and the CAGr poly-
morphism of the androgen receptor gene but not estra-
diol showed correlations with body fat content as well
as with serum concentrations of insulin and leptin
(Fig. 1). In addition, body fat content correlated posi-
tively with serum concentrations of insulin and leptin.
Serum levels of insulin and leptin showed a high de-
gree of inter-relation (see Table 2).

Analysing data from non-smokers only (n=64) cor-
roborated the results shown in Table 2. Despite the
lower number of subjects, correlations were stronger
for CAG repeats with leptin (r=0.36, p=0.004), insulin
(r=0.25, p=0.04), triglyceride concentrations (r=-0.24,
p=0.05) and HDL cholesterol (r=0.35, p=0.004). The
association of the AR polymorphism with body fat
content remained (r=0.25, p=0.04). Such observations
could also be made for correlations between testoster-
one, insulin and leptin.



Multiple regression analysis unravelled the number
of CAGr as an independent positive predictor of body
fat content even after inclusion of BMI as the strong-
est determinant. Other independent predictors of body
fat content were serum concentrations of total testos-
terone and physical activity (both negative). This
model explained 54% of all variance in body fat con-
tent. Leptin serum concentrations were predicted by a
model which included the CAGr number, BMI, insu-
lin and alcohol consumption (all were positive predic-
tors, 54% of all variance explained). The CAGr num-
ber was also independently and positively associated
with fasting insulin serum concentrations. BMI was
another positive predictor, whereas physical activity
was negatively associated with fasting insulin concen-
trations (26% of the variation of insulin concentra-
tions explained).

The matrix of variables was adequate for factor
analysis according to the Bartlett test as well as the
measure of sampling adequacy (measure 0.75: “medi-
ocre to meritorious”). Factor analysis yielded a five-
dimensional model (Fig. 2) which explained 65% of
the variance of the data included. The CAGr polymor-
phism of the androgen receptor gene loaded highly in
two factors which are summarized by the terms body
composition (positive loading) and lipid profile (nega-
tive loading). (Factor 1) Body composition, loaded
positively with body fat content, leptin, insulin and
the number of CAGr, it loaded negatively with physi-
cal activity. (Factor 2) Lipid profile, loaded positively
with LDL cholesterol, triglycerides and cigarette
smoking and negatively with HDL cholesterol and the
length of CAGr. (for a display of factor loadings and
their interdependencies see Fig. 2).

Factor analysis in non-smokers (n=64) only yielded
a similar five-dimensional model. Unlike the model
shown in Fig. 2 loading of triglycerides (positive) and
number CAG repeats (negative) was also found in the
factor blood pressure. Alcohol consumption changed
from loading in lifestyle/age to lipid profile.

Replacement of insulin by C-peptide did not im-
prove any model, probably due to the higher CV of
the assay, and is therefore not reported here.

Discussion

AR variants with a high number of CAGr have a low-
er transcriptional activity of target genes than AR
variants with shorter CAGr [29, 30]. In this study we
demonstrate that this CAGr polymorphism modulates
androgen effects on body fat content, insulin and lep-
tin and thereby on cardiovascular risk factors.

Body fat content. The mutual influence between tes-
tosterone and body fat content or body mass index has
been shown repeatedly. Serum testosterone is de-
creased in obese men and increases upon weight re-

duction, hypogonadal men have higher body fat con-
tent than age-matched eugonadal men [24] which de-
creases upon testosterone substitution [48], probably
by re-distributing body fat and reducing fat cell size
[49]. To date, the underlying regulatory pathways are
speculative and the modulatory effect of the CAGr
polymorphism in the AR gene implies direct genomic
effects of testosterone on adipocytes.

Leptin. The relationships between testosterone and
leptin are also mutual as leptin exerts two antagonistic
regulatory effects on sex steroid production: it induces
GnRH pulsatility and thereby enhances LH (and FSH)
secretion but also inhibits steroid production in Ley-
dig cells [18]. Leptin concentrations are increased in
hypogonadal men [17, 21, 22] and can be restored to
normal by testosterone substitution [21, 22]. Testoster-
one was also shown to inhibit leptin mRNA expres-
sion and leptin secretion by adipose tissue [18]. The
modulatory effect of the CAGr polymorphism in the
AR gene further emphasizes the direct androgen im-
pact and could partly explain interindividual varia-
tions in leptin.

Insulin. Insulin and leptin are closely related hor-
mones: an increase of insulin concentrations induces
leptin secretion, but only over a longer period; thus it
remains speculative whether the effect is exerted via
an increment of fat tissue [49]. Leptin also increases
insulin sensitivity and decreases insulin release from
pancreatic beta cells by several pathways [18]. Al-
though testosterone lowers leptin concentrations, it
seems to have a beneficial effect on glucose utiliza-
tion, at least in males [13, 14, 15]. This negative asso-
ciation is modulated by the androgen receptor gene
polymorphism, an effect that, according to the regres-
sion model, cannot be completely explained by an in-
creased amount of fat tissue fostering insulin resis-
tance.

Metabolic syndrome and factor analysis. The co-inci-
dence of metabolic risk factors for both Type 2 diabe-
tes and atherosclerosis is referred to as the insulin re-
sistance syndrome. This pre-diabetic and pro-athero-
genic disorder is frequently associated with increased
serum concentrations of leptin and low serum concen-
trations of testosterone.

Within factor models, leptin has a pathogenic role
in the development of insulin resistance [1, 2, 3, 4, 5].
Usually BMI and serum concentrations of leptin and
insulin form a distinct factor, as do lipid concentra-
tions and blood pressure. We confirmed these patterns
but also extended the components body composition
and lipids by including the CAGr polymorphism and
added the component sex hormones. Also parameters
which are not directly associated (such as CAG re-
peats and cigarette smoking) might nevertheless con-
tribute simultaneously to a superordinate factor (in
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this case lipid profile). The core message of this mod-
el can be described as the mutual dependency of body
composition and lipids which is facilitated by leptin
and insulin as well as modulated by sex hormones, the
androgen receptor polymorphism and life-style. We
did not include men with pathologically altered pa-
rameters contributing to the metabolic syndrome.
However, the associations observed within the normal
range provide good evidence that this newly gained
information can be extended to clinically relevant di-
mensions (which have not been defined strictly).

Relevance. The significance of our findings has to be
judged in the light of the conflicting knowledge con-
cerning testosterone and cardiovascular risk factors
suggesting several roles of androgens of both direct
and indirect nature. Low testosterone concentrations
could have an adverse effect on body composition [7,
8, 9, 10, 51] and haemostatic parameters, such as
plasminogen-activator-inhibitor type 1 [52, 53]. In
men, low concentrations of endogenous testosterone
were found to be associated with reduced concentra-
tions of HDL cholesterol while exogenous androgens,
including testosterone, decrease HDL cholesterol [8,
11, 25, 54, 55, 56]. Low HDL cholesterol concentra-
tions are considered unfavorable [57]. Most results on
the role played by testosterone on vascular endotheli-
um demonstrate a negative influence on functionality
but are partly conflicting [58, 59, 60, 61, 62, 63, 64,
6566].

The CAGr polymorphism in the AR gene modu-
lates testosterone effects within the body composi-
tion/insulin/leptin secretion-complex. By its attenuat-
ing influence on androgenicity, a high number of
CAGr exerts adverse effects on fat mass and insulin
sensitivity and thereby also on cardiovascular risk. Si-
multaneously, however, testosterone and a low num-
ber of CAGr in the AR gene decrease HDL-cholester-
ol via direct effects on pivotal genes of HDL metabo-
lism as well as on endothelium-dependent and inde-
pendent vasoreactivity [39]. Therefore, similar to tes-
tosterone, the CAGr polymorphism in the AR gene
seems to play an ambiguous role in the determination
of atheroclerotic risk. It probably modulates cardio-
vascular risk factors both adversely and beneficially.

The CAG repeat androgen receptor polymorphism
modulates testosterone effects on components of the
metabolic syndrome. Adverse or beneficial effects of
a longer or shorter CAG repeat chain depend strongly
on co-factors.
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