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Abstract
Objective: To assess arterial stiffness in a cohort of hypogonadal males and to investigate the effect of
testosterone replacement therapy on arterial properties in this specific group.
Design: Eighteen male patients with untreated acquired hypogonadism due to either adult-onset
idiopathic hypogonadotropic hypogonadism (nZ9) or pituitary tumor (nZ9) and 12 age-, sex, and
weight-matched eugonadal healthy controls were recruited for the study. Arterial properties, plasma
glucose, lipid profile, total, and bioavailable testosterone (BT) levels were measured in fasting state. In
the hypogonadal subjects, the effect of transdermal testosterone replacement therapy on arterial
properties was studied by repeat noninvasive measurements at baseline, as well as 48 h and 90 days
following the initiation of treatment.
Methods: Arterial stiffness was evaluated using applanation tonometry and pulse wave analysis by
three different standard devices that assess various measures of arterial stiffness: pulse wave velocity
(PWV), augmentation index (AIx), and large/small artery compliance (C1 and C2).
Results: Age- and blood pressure-adjusted PWV was significantly higher in hypogonadal men (8.90G
2.29 vs 6.78G1.16 m/s in the control group; PZ0.025). Testosterone therapy increased BT level
from 2.01G1.04 to 4.68G2.43 and 7.83G6.2 nmol/l after 48 h and 3 months respectively
(PZ0.001). PWV decreased from 8.9G2.29 to 8.24G1.39 and 8.25G1.82 m/s after 48 h and 3
months of treatment respectively (PZ0.03).
Conclusions: Male hypogonadism is associated with increased PWV, which is rapidly but incompletely
ameliorated by normalization of circulating testosterone levels.
European Journal of Endocrinology 160 839–846

Introduction
Androgens appear to exert numerous effects on
cardiovascular health, potentially operating through
metabolic, hormonal, functional, and structural modulation of the arterial system, apparently eliciting both
beneficial and deleterious responses. Low testosterone
level is associated with insulin resistance and abdominal
obesity (1–3). On the other hand, pharmacological
suppression of testosterone levels by GnRH analogues
reportedly increases HDL cholesterol (HDL-C) levels, an
effect that is abolished by administration of testosterone
(4, 5). Castration apparently attenuates and testosterone repletion increases mRNA expression of angiotensinogen and renin in kidneys of spontaneously
hypertensive rats (6). Supraphysiologic doses of testosterone used in the treatment of female-to-male
transsexuals increased plasma endothelin level
compared with untreated females (7).
q 2009 European Society of Endocrinology

Diverse functional properties have been ascribed to
the action of androgens in the vasculature. For example,
patients with low testosterone level reportedly exhibit
improved vascular endothelial function as measured by
endothelium-dependent dilatation (8). Malkin and
colleagues recently showed that while testosterone
functions as an acute vasodilator in human s.c. arteries
ex vivo, testosterone replacement in men with androgen
deficiency impairs the vasodilator effects to acetylcholine (9). Unrelated to the latter observation,
androgens apparently possess direct vasodilator properties in a variety of arterial beds, including the coronary
and pulmonary circulation (10). These effects may be
independent of a functional androgen receptor and gene
transcription, as testosterone appears to induce vasodilation presumably by blocking a membrane-associated
calcium channel in vascular smooth muscle cells (11)
and/or opening of a potassium channel (12). Testosterone confers symptomatic benefits in patients with
DOI: 10.1530/EJE-09-0052
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Eighteen males with untreated acquired hypogonadism
aged 62.5G8.33 years (meansGS.D.) and 12 age-, sex-,
and weight-matched controls (59.8G8.67 years; PZ
NS) participated in this study. All hypogonadal patients
suffered from hypogonadotropic hypogonadism, which
was either secondary to pituitary tumor (nZ9) or
reflected adult-onset acquired idiopathic hypogonadotropic hypogonadism. The latter condition was defined
by the combination of adult life appearance of clinical
symptom/s associated with hypogonadism, the presence
of low serum bioavailable testosterone (BT) unaccompanied by increased circulating LH, and the absence of
abnormal finding on pituitary imaging (magnetic
resonance imaging or CT scan). The specific details of
these subjects are provided in Table 1.
Individuals with coexisting hypopituitarism, secondary to the presence of pituitary adenoma (three with
hypoadrenalism and four with hypothyroidism) were
receiving adequate replacement therapy for associated
hormonal deficiencies and were considered hormonally
stable and well controlled for at least 6 months prior to
the initiation of this study. In this respect, none of the
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Methods
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coronary heart disease and heart failure (13, 14)
apparently through its action as a vasodilator.
Testosterone can also increase nitric oxide availability
and improve flow-mediated dilation in hypogonadal
men (15).
That androgen deficiency may adversely impact
vascular structure in human subjects can be indirectly
inferred from observations linking male hypogonadism
to increased risk of cardiovascular mortality (16). In the
experimental setting, testosterone may retard atherogenesis through both aromatization to estradiol and
activation of nonclassical androgen receptors (17). Just
as estradiol, testosterone was shown to exert antiatherogenic effects in the cholesterol-fed rabbit (18).
Finally, pharmacological suppression of circulating
testosterone in men with prostate cancer can result in
increased arterial stiffness (19, 20), thus indirectly
suggesting the induction of structural changes.
Because low androgen levels in older men are now
recognized as a fairly common finding, we set out to
assess the possibility that androgen replacement
therapy favorably affects arterial function in this setting.
Among the various noninvasively determined parameters of arterial function, pulse wave velocity
(PWV) appears not only to detect the presence of
vascular disease, but also to predict future cardiovascular events, independent of established cardiovascular
risk factors, as has been recently shown in hypertensive
patients (21), type 2 diabetic patients (22), elderly
subjects (23), and apparently healthy individuals (24).
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Table 1 Clinical and biochemical features of the patients with acquired idiopathic hypogonadotropic hypogonadism.
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patients was either tested or treated for GH deficiency.
Exclusion criteria included severely uncontrolled diabetes mellitus (HgbA1C above 10%), severe liver and
kidney disease, hemoglobinO16 g/dl; hematocritO
50%, and history of hormone-dependent cancer.
Five patients with hypogonadism and two controls
also suffered from diabetes mellitus or prediabetes, as
defined by fasting plasma glucose (FPG) 100–125 mg/dl
or 2-h glucose of 140 mg/dl but !200 mg/dl upon
challenge with standard (75 g) oral glucose tolerance
test. None of the participating subjects, however, had
HgbA1CO6.9%. The control and hypogonadal groups
were also not different in terms of fasting glucose or
HgbA1C levels (115G1.4 vs 112G6.3 mg/dl and
6.45G0.49 vs 6.28G0.4% for the control and
hypogonadal groups respectively; PZNS for both
comparisons). Additionally, ten patients with hypogonadism and eight controls had been on antihypertensive
medication. For both conditions, medications had been
stable for at least 3 months prior to and throughout the
duration of the study. Tobacco smokers were not
included in this study.
Most hypogonadal men had received no previous
androgen treatment (nZ11), and those who had
previously been treated (nZ7) had discontinued
testosterone ester injections for at least 6 weeks prior
to their enrolment in the study. Subjects were studied as
outpatients, and were free of any acute illness during
the study period. All hypogonadal patients had a normal
rectal examination and prostate-specific antigen (PSA)
level of less than 3.5 mg/l.
Measurement of vascular function and metabolic
parameters (lipid profile, glucose, total testosterone, and
BT) was performed in all subjects at baseline in the
fasting state. Immediately after obtaining baseline
laboratory and arterial function studies, hypogonadal
patients started individualized replacement therapy
with testosterone (Androgel T gel 1%, Laboratories
Besins International, Montrouge, France, 25–50 mg
daily as a starting dose). Dosage adjustments were made
at 6-week intervals according BT level. The gel was
applied in the morning after a shower, and subjects were
instructed to avoid showering until 6 h after the
application. Patients applied T gel at a different site
each day (right and left upper arms/shoulder or right
and left abdomen). Measurements of vascular function
were repeated after 48 h of treatment to assess the acute
androgen effects as well as 90 days after the initiation of
treatment, to assess chronic androgen effects. Measurements of total testosterone and BT were repeated 48 h,
45 days, and 90 days after initiation of treatment.
Metabolic parameters were obtained at baseline and
again, 48 h and 12 weeks after initiation of treatment.
All patients were studied while taking their regular
medications. The study was approved by the institutional ethics committee, and all patients gave
informed consent to participate in the study.
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Measurement of arterial stiffness
Arterial properties were assessed according to recommended procedures (25). The determinations were
made between 0800 and 1000 h at the supine position.
During the examination subjects stayed with extended
legs and did not talk or sleep. Room temperature was
between 21 and 23 8C. All participants abstained from
caffeinated beverages on the day on which the
measurements were performed. Brachial blood pressure
(BP) was obtained after a resting period of 15 min, using
an automated BP monitor (Omron 705-CP) with the
radial artery kept at the heart level during the
measurement. Five measurements were averaged,
enabling a determination of systolic BP (SBP), diastolic
BP (DBP), mean BP, and heart rate. All measurements
were performed by a single investigator (M Y). Intraobserver reliability was measured by the Pearson
correlation coefficient and high reliability was found
for each of four parameters (C1, C2, PWV, and
augmentation index (AIx) respectively) with correlation
coefficients R0.92.
Noninvasive assessment of arterial properties was
initiated following the measurement of BP, with the
following devices:
i. The SphygmoCor system (AtCor Medical, Sydney,
Australia): peripheral pressure waveforms were
recorded from the radial artery at the wrist, using
applanation tonometry with a high-fidelity micromanometer (SPC-301; Millar Instruments, Houston,
TX, USA). After 20 sequential waveforms had been
acquired, a validated generalized transfer function
was used to generate the corresponding central
aortic pressure waveform (26, 27). Augmentation
pressure, which reflects the increase in SBP induced
by the initial recoil from the aorta and large arteries
in response to the initial outflow from the left
ventricle, was then derived through pulse wave
analysis. The AIx (%) was defined as the augmentation pressure divided by pulse pressure (expressed in
percentage). In addition, because AIx is influenced
by heart rate, AIx was then normalized for a heart
rate of 75 bpm (AIx@75) according to the method of
Wilkinson et al.(28).
ii. The Complior device (Artech-Medical, France) was
used for automatic assessment of PWV, a gold
standard measure of arterial stiffness. This method
of PWV determination has been previously described
in detail and extensively validated (29). In brief,
waveforms were recorded transcutaneously over the
right common carotid artery and the right radial
artery, and the transit time (T time) was determined
from the time delay (t) between the appearances of
the two feet of the corresponding waveforms. PWV is
calculated from the measurements of pulse transit
time and the distance traveled by the pulse between
two recording sites as PWVZdistance (m)/transit
www.eje-online.org

Downloaded from Bioscientifica.com at 07/17/2019 08:41:17PM
via free access

842

M Yaron and others

time (s), according to the foot-to-foot method
(29, 30). The distance between the recording sites
was measured with a tape over the surface of the
body, as specified by the manufacturer, and PWV
was automatically calculated by the Complior unit.
iii. CR-2000 instrument (Hypertension Diagnostics,
Eagan, MN, USA) was also used to assess systemic
arterial stiffness based on the analysis of the DBP
decay using a Windkessel model of the circulation
(31). According to this model, the arterial tree is
loaded in systole by the stroke volume and during
the following diastole; the DBP contour is a function
of resistance, compliance, and inertance of an
isolated arterial system. The model defines two
components of compliance, a proximal phase and a
more distal component influencing predominantly
the frequency and decay rate of the oscillatory
pressure waves originating at reflecting sites in the
smaller arteries. This algorithm identifies separately,
through computer analysis, the total systemic large
artery compliance (C1) and the small artery
compliance or elasticity (C2). Pulse wave analysis
was performed in duplicate, and average values
were reported. The radial artery waveform was
obtained with a sensor positioned over the artery
and calibrated using an oscillometric method on
the opposite arm. Thirty seconds of analogue
waveforms were digitized at 200 samples/s. A beatmarking algorithm determined the beginning of
systole, peak systole, onset of diastole, and end
diastole for all beats in the 30-sec measurement
period. Small artery elasticity or oscillatory components (C2 ml/mmHg!100) and large artery
elasticity or capacitive components (C1
ml/mmHg!10) were then automatically calculated
by this device.

Biochemistry
Blood samples were collected after overnight fast. Serum
glucose, lipid panel, and PSA were measured by
standard automated techniques (ECLIA, Roche
Diagnostics). Testosterone and BT were assayed as
previously described by us (32).

Statistical analyses
Continuous data such as arterial properties and age are
expressed as means and S.D. The association between
age, gender, and C1, C2, AIx, PWV, LDLc, HDLc, body
mass index (BMI), A1C, and PWV was measured by the
Pearson correlation coefficient between various parameters. Comparison between the study and control
groups at baseline for all continuous parameters was
performed using both Student’s t-test for independent
sample and the Mann–Whitney nonparametric test.
Change over time, measured in three visits, was
evaluated using a one-way ANOVA (study groups)
with repeated measures, adjusted for age and BP.
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The mixed model was used for the analysis to address
the problem of missing measurements. All results were
adjusted for age and BP. Statistical analysis was
performed using the SAS for Windows, version 9.1.
P!0.05 was considered to be statistically significant.

Results
Baseline measurements
The baseline characteristics of the 30 study participants
are given in Table 2. The mean age of the hypogonadal
patients at entry was 62.5G8.3 years, and that of the
control subjects 59.5G8.7 years (PZNS). As shown,
BMI, LDLc, HDLc, triglycerides (TG), and FPG of the
hypogonadal and control men were similar. By design,
the two groups differed in their circulating testosterone
and BT concentrations. In addition, hypogonadal
subjects had significantly higher SBP. In the hypogonadal subjects, mean BT was 2.01G1.04 nmol/l and
mean SBP was 137 mmHg, compared with a mean BT
of 3.85G1.04 nmol/l and a mean SBP of 123 mmHg
in the control group (PZ0.0001 for BT; PZ0.009 for
SBP). Mean total testosterone level in the hypogonadal
subjects was 4.76G2.01 nmol/l compared with
10.78G6.79 nmol/l in the control group (PZ0.034).
Of note in this cross-sectional analysis was also the
negative correlation between BT and age (RZK0.662;
PZ0.003) and testosterone and SBP (RZK0.474;
PZ0.05).
Results of the various measurements of arterial
properties in the hypogonadal men and the corresponding control group are summarized in Table 3. Arterial
stiffness assessed by PWV was markedly higher in the
hypogonadal men (9.06G2.26 vs 6.78G1.16 m/s
respectively). Increased PWV in the hypogonadal men
was still maintained after adjustment for age and BP
Table 2 Baseline clinical and laboratory characteristics of the
hypogonadal and control groups.
Hypogonadal
men (NZ18)
Age
BMI (m2/kg)
Weight (kg)
SBP (mmHg)
DBP (mmHg)
PP (mmHg)
Pulse (bpm)
FPG (mmol/l)
LDLc (mmol/l)
HDLc (mmol/l)
TG (mmol/l)
Total testosterone
(nmol/l)
BT (nmol/l)

Control men
(NZ12)

P value

62.5G8.33
27.66G3.66
81.24G10.56
137G14
79G11
57.85
60.7G9.3
5.51G0.79
2.76G0.69
1.26G0.36
1.87G0.99
4.76G2.01

59.5G8.67
27.96G5.29
86.25G20.61
123G11
74G5.9
48.83
60.0G7.9
5.55G0.52
2.95G1.11
1.14G0.23
2.05G1.27
10.78G6.79

NS
NS
NS
0.009
NS
0.002
NS
NS
NS
NS
NS
0.034

2.01G1.04

3.85G1.04

0.0001

BMI, body mass index; SBP, systolic blood pressure; DBP, diastolic blood
pressure; FPG, fasting plasma glucose; TG, triglycerides; BT, bioavailable
testosterone. Data are expressed as meanGS.D.
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Table 3 Arterial properties in the hypogonadal and control men
(adjusted for age, SBP, and DBP).
Hypogonadal
Control
men (NZ18) group (NZ12)
C1 (ml/mmHg!10)
C2 (ml/mmHg!100)
AIx (%)
PWV (m/s)

23.23G9.12
4.87G2.83
28.07G8.5
8.9G2.29

19.56G4.07
4.85G2.03
21.42G6.68
6.78G1.16

P value
NS
NS
0.06
0.025

C1, capacitive; C2, oscillatory components of arterial compliance; AIx,
augmentation index; PWV, pulse wave velocity. Data are expressed as
meanGS.D.

(8.90G2.29 vs 6.78G1.16 m/s in control group;
PZ0.025). Hypogonadal men also had a borderline
higher adjusted AIx (28.07G8.5 vs 21.42G6.7% in
controls; PZ0.06). There was no difference between the
two groups in either C1 (23.23G9.12 ml/mmHg!10
in hypogonadal men versus 19.56G4.07 ml/mmHg!
10 in the control group; PZNS) or C2
(4.87G2.83 ml/mmHg!100 in hypogonadal men
versus 4.85G2.03 ml/mmHg!100 in the control
group; PZNS).

Effects of testosterone replacement therapy
The effects of testosterone replacement therapy are
shown in Table 4 and Figs 1 and 2. In hypogonadal
subjects placed on testosterone replacement
therapy, mean BT increased from 2.01G1.04 to
4.68G2.43 nmol/l after 48 h, 5.71G2.33 nmol/l
after 6 weeks, and to 7.83G6.20 nmol/l after 3 months
of treatment (PZ0.001). Total testosterone level
increased from 4.76G2.01 to 17.65G7.48 nmol/l
after 48 h, 19.5G14.7 nmol/l after 6 weeks, and
23.33G8.77 nmol/l after 3 months of treatment
(0.0001). Testosterone and BT levels at 6 weeks and 3
months did not differ significantly. BP did not change
significantly and mean levels were 137/79 mmHg at
baseline, 133/78 mmHg 48 h after the initiation of
treatment, and 132/78 mmHg after 3 months of
treatment (PZNS). No changes were seen in BMI,
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waist circumference, TG, or FPG, but LDLc level
decreased significantly, though slightly (from
2.76G0.69 to 2.65G0.41 mmol/l; PZ0.0005) after
3 months of treatment.
Some of the measures of arterial stiffness improved
in patients placed on testosterone treatment. First,
PWV decreased from 8.9G0.31 m/s at baseline to
8.24G0.3 m/s 48 h after initiation of treatment
(PZ0.03), a decline that persisted after 3 months of
treatment (8.25G0.27 m/s; PZ0.03). Secondly C1
significantly increased after 3 months of treatment
from 22.5G1.22 ml/mmHg!10 at the baseline to
28.8G1.46 ml/mmHg!10 (PZ0.03). No significant
changes in any of the remaining parameters of arterial
function, i.e., AIx and C2, were noted. AIx decreased
minimally from the baseline (27.5G1.19%) after 48 h
of treatment (23.77G1.45%), but even this small and
statistically insignificant decline was not sustained,
such that AIx recorded after 3 months of therapy
was essentially identical to the pre-treatment level
(26.67G1.58%); all PZNS). C2 was also not affected
by testosterone treatment (4.83G0.4, 4.26G0.41, and
4.9G0.42 ml/mmHg!100 at baseline, after 48 h, and
after 3 months of the treatment respectively; PZNS).

Discussion
The results of the present study show that patients with
acquired hypogonadism have increased arterial stiffness, as measured by PWV. This finding complements
observations that GnRH analog-induced hypogonadism
is associated with increased arterial stiffness as reflected
by higher AIx (19) or PWV (20). In our cohort of
‘spontaneous’ acquired chronic hypogonadism, PWV
was w45% higher and AIx was w33% higher in the
hypogonadal group than in a matched control group,
although the latter difference fell somewhat short of
attaining statistical significance (PZ0.06).
There are several differences, however, between our
study and these earlier reports. First, Smith et al. (19) as

Table 4 The effect of testosterone replacement therapy on clinical and biochemical characteristics in hypogonadal men.

Age
BMI (m2/kg)
Weight (kg)
Waist circumference (cm)
BP (mmHg)
PP (mmHg)
Heart rate (bpm)
LDLc (mmol/l)
TG (mmol/l)
Total testosterone (nmol/l)
BT (nmol/l)
Daily testosterone dose (mg)
Hematocrit %
PSA (mg/l)

Baseline

48 h

6 weeks

12 weeks

P value

62.5G8.3
27.66G3.6
81.24G10.6
97.7G9.4
137/79
57.85
60.7G9.3
2.76G0.69
1.87G0.99
10.79G6.8
2.01G1.04
53.3G12.9
41.35G2.5
0.87G0.9

28.18G3.3
82.67G10.0
98.7G9.5
133/78
54.68
59.7G9.2
2.73G0.87
1.75G0.89
17.65G7.48
4.68G2.43
67.9G24.9
43.5G4.0
1.27G1.05

28.2G2.9
82.78G9.8
98.55G9.1
131/77
55.2
59.5G8

28.35G3.3
83.20G9.9
98.6G9.5
132/78
54.10
59.2G8.2
2.65G0.41
1.16G0.67
23.33G8.77
7.83G6.2
69.6G28.1
41.75G1.06
0.35G0.2

NS
NS
NS
NS
NS
NS
0.0005 (1, 2s3)
NS
0.0001 (1s2, 3, 4)
0.001 (1s2, 3, 4)
0.024
NS
NS

19.52G14.7
5.71G2.33

Data are expressed as meanGS.D.
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Figure 1 The effect of transdermal testosterone treatment on PWV
in hypogonadal men. Pre-treatment values are shown as ‘day 0’,
whereas on-treatment measurements recorded 48 h and 3 months
after initiation of treatment are shown as days 2 and 90. Results are
given as meanGS.E.M.

well as Dockery et al. (20) studied GnRH-induced
hypogonadism, a rather acute form of hypoandrogenicity unaccompanied by other pituitary abnormalities.
Second, BP was considerably higher, and indeed, clearly
within the hypertensive range in the cohorts of prostate
cancer patients assessed in the former studies, but not in
our patients (e.g., 152/90 in reference (18) versus
137/79 mmHg in our patients). Because BP per se
affects AIx (33) the results of the two studies are not
necessarily comparable. Of potential importance is also
the fact that our patients were, on the average, w5
years younger than the subjects evaluated by Smith
et al. (19) and 8–10 years younger than in the report
by Dockery and associates (20).

Figure 2 Effect of transdermal testosterone treatment on C1 in
hypogonadal men. Pre-treatment values are shown as ‘day 0’,
whereas on-treatment measurements recorded 48 h and 3 months
after initiation of treatment are shown as days 2 and 90. Results are
given as meanGS.E.M.
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A recent report by Webb et al. indicated that oral
testosterone therapy administered to men with coronary artery disease and low testosterone levels can
reduce AIx (34). Again, the subjects studied in that
report were rather different from our hypogonadal
cohort. First, the degree of testosterone deficiency if any,
was relatively minor, such that baseline testosterone
and BT levels were more than twofold higher than in
our hypogonadal patients. Second, AIx was extremely
high in Webb’s study, presumably reflecting a very
advanced form of arterial stiffening in patients with
well-established atherosclerosis as reflected by the
presence of clinical coronary disease. Despite these
differences in patient characteristics and the specifics of
the experimental outcome, these studies, including our
own, collectively lend support to the possibility that
testosterone has a favorable effect on large artery
stiffness.
Several lines of evidence support the concept that
circulating testosterone affects arterial properties. There
is an apparent inverse correlation between serum
testosterone and BP (35). Furthermore, in a crosssectional study of 55 older men, Dockery et al. reported
that PWV was inversely related to circulating free
testosterone index (36). In the Baltimore Longitudinal
Study of Aging, an arterial stiffness index calculated
from peak systolic and end diastolic diameters of the
common carotid artery and simultaneous brachial
artery BP correlated negatively with serum testosterone, after adjustment for confounding factors such as
age, pulse pressure, FPG, and BMI (37). The finding in
that study that serum testosterone obtained 5 years
prior to the assessment of arterial properties predicted
the arterial stiffness index, suggested a cause and effect
relationship between low testosterone and the evolution
of subsequent increased arterial wall rigidity.
Despite this apparent overall agreement that low
serum testosterone is linked to increased arterial
stiffness, the effect of testosterone replacement therapy
on arterial properties remains a surprisingly understudied area. Circumstantial evidence suggests that the
overall vascular effects of androgen replacement
therapy are complex. Many of the study protocols of
testosterone replacement therapy relied on testosterone
depot injections, which are inherently linked to
supraphysiological serum testosterone levels during
significant parts of the treatment cycle. Likewise,
observations in experimental models that testosterone
replacement may increase BP by such mechanisms as
increased oxidative stress, enhancement of tubular
sodium and water reabsorption, activation of the renal
renin–angiotensin system and endothelin, and reduced
nitric oxide availability (38) could potentially reflect, at
least in part, pharmacological rather than physiological
effects of testosterone.
To our knowledge, this is the first report of how
testosterone replacement therapy, aimed at attaining
physiological and relatively stable concentrations of
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serum testosterone through the use of transdermal
testosterone preparation, acutely and chronically affects
noninvasively determined arterial properties in clearly
hypogonadal men. A unique aspect of the present report
is also the fact that arterial properties were examined by
several independent techniques, albeit in a small
number of subjects. We observed a rapid but partial
decline in PWV, such that the lowered PWV after 48 h
and 3 months of treatment was still above that seen in
control eugonadal men. At least the early favorable
effect on PWV likely reflects functional adaptation of
the large arteries to testosterone. Of interest is the
observation that C1, another measure of arterial
stiffness, which was not impaired at the outset of the
study, improved significantly by 3 months of therapy,
thus indicating increased compliance of the conduit
arteries with normalization of serum testosterone. This
delayed effect may reflect structural changes in the large
arteries, in addition to the rapid functional effects
detected by the early reduction in PWV. Notably, AIx
was unaffected by treatment regardless of the assessment phase. We are presently unable to explain why
these three measures of arterial stiffness, which
presumably reflect predominantly larger artery status,
show a differential pattern both in the baseline analysis
and in their response to testosterone treatment. The
possibility that, in the hypogondal men in whom
testosterone replacement therapy had been withdrawn
prior to the initiation of this study, longer withdrawal
period might have allowed the detection of better
agreement among the various parameters cannot be
excluded. However, a recent report indicated a poor
correlation between PWV and C1 and recommended,
for that reason, the use of a combination of techniques
(39) rather than reliance on one method.
In conclusion, acquired hypogonadism in men is
associated with increased arterial stiffness as reflected in
increased PWV and, possibly, in increased AIx.
Transdermal testosterone replacement exerted a rapid,
though partial favorable effect on PWV. Large artery
compliance as measured by C1 improved after 3
months, suggesting that chronic testosterone replacement therapy is required to modify some arterial
properties. Because initial rapid effects are more likely
to reflect functional changes, whereas more prolonged
treatment can potentially drive structural effects, these
results raise the possibility that testosterone can
precipitate both functional and structural arterial
responses. Whether or not longer term treatment will
induce further changes in arterial stiffness, perhaps
through direct changes in arterial structure or remodeling of body composition, remains to be determined in
future studies.
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2 Haffner SM, Karhapää P, Mykkänen L & Laakso M. Insulin
resistance, body fat distribution, and sex hormones in men.
Diabetes 1994 43 212–219.
3 Muller M, Grobbee DE, den Tonkelaar I, Lamberts SW & van der
Schouw YT. Endogenous sex hormones and metabolic syndrome
in aging men. Journal of Clinical Endocrinology and Metabolism 2005
90 2618–2623.
4 Goldberg RB, Rabin D, Alexander AN, Doelle GC & Getz GS.
Suppression of plasma testosterone leads to an increase in serum
total and high density lipoprotein cholesterol and apoproteins A-I
and B. Journal of Clinical Endocrinology and Metabolism 1985 60
203–207.
5 Bagatell CJ, Knopp RH, Vale WW, Rivier JE & Bremner WJ.
Physiologic testosterone levels in normal men suppress highdensity lipoprotein cholesterol. Annals of Internal Medicine 1992
116 967–973.
6 Chen YF, Naftilan AJ & Oparil S. Androgen-dependent angiotensinogen and renin messenger RNA expression in hypertensive rats.
Hypertension 1992 19 456–463.
7 van Kesteren PJ, Kooistra T, Lansink M, van Kamp GJ,
Asscheman H, Gooren LJ, Emeis JJ, Vischer UM & Stehouwer CD.
The effects of sex steroids on plasma levels of marker proteins of
endothelial cell functioning. Thrombosis and Haemostasis 1998 79
1029–1033.
8 Herman SM, Robinson JT, McCredie RJ, Adams MR, Boyer MJ &
Celermajer DS. Androgen deprivation is associated with enhanced
endothelium-dependent dilatation in adult men. Arteriosclerosis,
Thrombosis, and Vascular Biology 1997 17 2004–2009.
9 Malkin CJ, Jones RD, Jones TH & Channer KS. Effect of testosterone
on ex vivo vascular reactivity in man. Clinical Science 2006 111
265–274.
10 Yue P, Chatterjee K, Beale C, Poole WP & Collins P. Testosterone
relaxes rabbit coronary arteries and aorta. Circulation 1995 91
1154–1160.
11 Jones RD, English KM, Pugh PJ, Morice AH, Jones TH &
Channer KS. Pulmonary vasodilatory action of testosterone:
evidence of a calcium antagonistic action. Journal of Cardiovascular
Pharmacology 2002 39 814–823.
12 Ding AQ & Stallone JN. Testosterone-induced relaxation of rat
aorta is androgen structure specific and involves KC channel
activation. Journal of Applied Physiology 2001 91 2742–2750.
13 Rosano GM, Leonardo F, Pagnotta P, Pelliccia F, Panina G,
Cerquetani E, della Monica P, Bonfigli B, Volpe M &
Chierchia SL. Acute anti-ischemic effect of testosterone in men
with coronary artery disease. Circulation 1999 99 1666–1670.
14 Malkin CJ, Pugh PJ, West JN, van Beek EJ, Jones TH & Channer KS.
Testosterone therapy in men with moderate severity heart failure:
a double-blind randomized placebo controlled trial. European Heart
Journal 2006 27 57–64.
15 Bernini G, Versari D, Moretti A, Virdis A, Ghiadoni L, Bardini M,
Taurino C, Canale D, Taddei S & Salvetti A. Vascular reactivity in
congenital hypogonadal men before and after testosterone
replacement therapy. Journal of Clinical Endocrinology and Metabolism 2006 91 1691–1697.
16 Laughlin GA, Barrett-Connor E & Bergstrom J. Low serum
testosterone and mortality in older men. Journal of Clinical
Endocrinology and Metabolism 2008 93 68–75.
17 Nettleship JE, Jones TH, Channer KS & Jones RD. Physiological
testosterone replacement therapy attenuates fatty streak

www.eje-online.org

Downloaded from Bioscientifica.com at 07/17/2019 08:41:17PM
via free access

846

18

19

20

21

22

23

24

25

26

27

28

M Yaron and others

formation and improves high-density lipoprotein cholesterol in the
Tfm mouse: an effect that is independent of the classic androgen
receptor. Circulation 2007 20 2427–2434.
Alexandersen P, Haarbo J, Byrjalsen I, Lawaetz H & Christiansen C.
Natural androgens inhibit male atherosclerosis: a study in
castrated, cholesterol-fed rabbits. Circulation Research 1999 84
813–819.
Smith JC, Bennett S, Evans LM, Kynaston HG, Parmar M,
Mason MD, Cockcroft JR, Scanlon MF & Davies JS. The effects of
induced hypogonadism on arterial stiffness, body composition, and
metabolic parameters in males with prostate cancer. Journal of
Clinical Endocrinology and Metabolism 2001 86 4261–4267.
Dockery F, Bulpitt CJ, Agarwal S, Donaldson M & Rajkumar C.
Testosterone suppression in men with prostate cancer leads to an
increase in arterial stiffness and hyperinsulinaemia. Clinical Science
2003 104 195–201.
Boutouyrie P, Tropeano AI, Asmar R, Gautier I, Benetos A,
Lacolley P & Laurent S. Aortic stiffness is an independent predictor
of primary coronary events in hypertensive patients: a longitudinal study. Hypertension 2002 39 10–15.
Cruickshank K, Riste L, Anderson SG, Wright JS, Dunn G &
Gosling RG. Aortic pulse-wave velocity and its relationship to
mortality in diabetes and glucose intolerance: an integrated index
of vascular function? Circulation 2002 106 2085–2090.
Meaume S, Benetos A, Henry OF, Rudnichi A & Safar ME. Aortic
pulse wave velocity predicts cardiovascular mortality in subjects
O70 years of age. Arteriosclerosis, Thrombosis, and Vascular Biology
2001 21 2046–2050.
Mattace-Raso FU, van der Cammen TJ, Hofman A, van Popele NM,
Bos ML, Schalekamp MA, Asmar R, Reneman RS, Hoeks AP,
Breteler MM & Witteman JC. Arterial stiffness and risk of coronary
heart disease and stroke: the Rotterdam Study. Circulation 2006
113 657–663.
Van Bortel LM, Duprez D, Starmans-Kool MS, Safar ME,
Giannattasio C, Cockcroft J, Kaiaser DR & Thuillez C. Clinical
applications of arterial stiffness, Task Force III: recommendations
for user procedures. American Journal of Hypertension 2002 15
445–452.
Chen CH, Nevo E, Fetics B, Pak PH, Yin FC, Maughan WL &
Kass DA. Estimation of central aortic pressure waveform by
mathematical transformation of radial tonometry pressure:
validation of generalized transfer function. Circulation 1997 95
1827–1836.
Pauca AL, O’Rourke MF & Kon ND. Prospective evaluation of a
method for estimating ascending aortic pressure from the radial
artery pressure waveform. Hypertension 2001 38 932–937.
Wilkinson IB, MacCallum H, Flint L, Cockcroft JR, Newby DE &
Webb DJ. The influence of heart rate on augmentation index and
central arterial pressure in humans. Journal of Physiology 2000
525 263–270.

EUROPEAN JOURNAL OF ENDOCRINOLOGY (2009) 160

29 Asmar R, Benetos A, Topoucian J, Laurent P, Pannier B,
Brisac AM, Target R & Levy BI. Assessment of arterial distensibility
by automatic pulse wave velocity measurement. Validation and
clinical application studies. Hypertension 1995 26 485–490.
30 Laurent S, Boutouyrie P, Asmar R, Gautier I, Laloux B, Guize L,
Ducimetiere P & Benetos A. Aortic stiffness is an independent
predictor of all-cause and cardiovascular mortality in hypertensive
patients. Hypertension 2001 37 1236–1241.
31 Cohn JN, Finkelstein S, McVeigh G, Morgan D, LeMay L, Robinson J
& Mock J. Noninvasive pulse wave analysis for the early detection
of vascular disease. Hypertension 1995 26 503–508.
32 Gilad S, Chayen R, Tordjman K, Kisch E & Stern N. Assessment of 5
alpha-reductase activity in hirsute women: comparison of serum
androstanediol glucuronide with urinary androsterone and
aetiocholanolone excretion. Clinical Endocrinology 1994 40
459–464.
33 Lemogoum D, Flores G, Van den Abeele W, Ciarka A, Leeman M,
Degaute JP, van de Borne P & Van Bortel L. Validity of pulse
pressure and augmentation index as surrogate measures of
arterial stiffness during beta-adrenergic stimulation. Journal of
Hypertension 2004 22 511–517.
34 Webb CM, Elkington AG, Kraidly MM, Keenan N, Pennell DJ &
Collins P. Effects of oral testosterone treatment on myocardial
perfusion and vascular function in men with low plasma
testosterone and coronary heart disease. American Journal of
Cardiology 2008 101 618–624.
35 Fogari R, Preti P, Zoppi A, Fogari E, Rinaldi A, Corradi L &
Mugellini A. Serum testosterone levels and arterial blood pressure
in the elderly. Hypertension Research 2005 28 625–630.
36 Dockery F, Bulpitt CJ, Donaldson M, Fernandez S & Rajkumar C.
The relationship between androgens and arterial stiffness in
older men. Journal of the American Geriatrics Society 2003 51
1627–1632.
37 Hougaku H, Fleg JL, Najjar SS, Lakatta EG, Harman SM,
Blackman MR & Metter EJ. Relationship between androgenic
hormones and arterial stiffness, based on longitudinal hormone
measurements. American Journal of Physiology. Endocrinology and
Metabolism 2006 290 E234–E242.
38 Reckelhoff JF, Yanes LL, Iliescu R, Fortepiani LA & Granger JP.
Testosterone supplementation in aging men and women: possible
impact on cardiovascular–renal disease. American Journal of
Physiology. Renal Physiology 2005 289 F941–F948.
39 Woodman RJ, Kingwell BA, Beilin LJ, Hamilton SE, Dart AM &
Watts GF. Assessment of central and peripheral arterial stiffness:
studies indicating the need to use a combination of techniques.
American Journal of Hypertension 2005 18 249–260.

Received 18 January 2009
Accepted 22 January 2009

www.eje-online.org

Downloaded from Bioscientifica.com at 07/17/2019 08:41:17PM
via free access

