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ABSTRACT.

Purpose: To investigate the influence of sex hormones on ocular haemo-

dynamics, blood flow velocities in the ophthalmic and central retinal arteries and

serum levels of sex hormones were measured in pre- and postmenopausal women.

Methods: Colour Doppler imaging (CDI) was used to determine the flow vel-

ocities (peak systolic velocity [PSV] and end-diastolic velocity [EDV]) and the

resistive index (RI) in the ophthalmic and central retinal arteries in 22 premeno-

pausal and 32 postmenopausal women, who had never received hormone replace-

ment therapy. Serum levels were measured for oestradiol, free testosterone and

follicle-stimulating hormone. The CDI parameters were compared between the

two groups and the influence of serum levels of oestradiol and testosterone on

blood flow velocities and the resistive indices were analysed.

Results: After correcting for age and mean arterial blood pressure, an analysis

of covariance disclosed a significantly lower EDV (p = 0.02) and a significantly

higher RI (p = 0.01) in the central retinal artery of postmenopausal women

compared with premenopausal women. Partial correlation analysis, controlling

for age, revealed significant correlations between the CDI parameters and serum

levels of oestradiol and testosterone. For premenopausal women, PSV (r = 0.58,
p = 0.04) and EDV (r = 0.73, p = 0.006) in the ophthalmic artery correlated posi-

tively with serum oestradiol levels. The RI in the central retinal artery decreased

with increasing oestradiol levels in both groups (premenopausal r =� 0.40,

p= 0.04; postmenopausal r=� 0.32, p= 0.05). Peak systolic velocity in the central

retinal artery correlated negatively (r=� 0.49, p= 0.04), whereas the RI correl-

ated positively (r= 0.53, p= 0.02) with testosterone levels in the premenopausal

group. Postmenopausal women with higher testosterone levels had lower EDV

(r =� 0.53, p = 0.007) in the central retinal artery and higher RI in both vessels

(ophthalmic artery r = 0.48, p = 0.01; central retinal artery r = 0.61, p = 0.002).
Conclusion: Our data provide evidence of a relationship between serum sex

hormone levels and blood flow velocities and resistive indices in retrobulbar

arteries. Oestradiol appears to have beneficial effects on ocular haemodynamics,

whereas testosterone may act as an antagonistic to the effects of oestrogen.
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Introduction

Sex hormone levels change throughout a
woman’s lifetime, depending on her
reproductive state. Alterations in hor-
monal status have been linked to major
changes in the cardiovascular system.
Epidemiological studies have demon-
strated the influence of menopause and
postmenopausal hormone supplementa-
tion on the incidence of coronary artery
disease in women (Gordon et al. 1978;
Stampfer et al. 1991) and there is an
increased awareness of sex hormones,
particularly oestrogen, as vasoactive
substances. Evidence exists about the
presence and functionality of oestrogen
receptors in vascular tissue (Mendelsohn
2000) and the positive effect of hormone
supplementation on blood flow charac-
teristics has been established inmany vas-
cular beds (Gangar et al. 1991; Pirhonen
et al. 1993; Reis et al. 1994). The vaso-
dilatory effects of oestrogens have been
documented in animal and human stud-
ies, and both endothelium-independent
and endothelium-dependent mechanisms
have been implicated (Miller 1988;
Herrington et al. 1994; Keeney et al.
1994). However, the vascular effects of
testosterone are not well defined.

It has already been shown that the
eye is a locus of action of sex hormones
(Richardson et al. 1995; Wickham et al.
2000). The prevalences of ocular diseases
such as age-related macular degeneration
(Smith et al. 1997) and glaucoma (Orgul
et al. 1995) are different in men and
women and compromised ocular perfu-
sion may contribute to the pathogenesis
of these diseases (Sergott et al. 1994,
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Ciulla et al. 1999). There are data sug-
gesting that age and gender-related
differences exist in ocular blood flow
(Ravalico et al. 1996; Centofanti et al.
2000a; Harris et al. 2000). Furthermore,
a number of studies have described the
influence of hormonal status on ocular
circulation. Centofanti et al. (2000b)
reported that pulsatile ocular blood flow
in women decreases after menopause,
and suspension of oestrogen replacement
therapy in postmenopausal women
causes reduction in ocular blood flow.
Other studies, using Doppler imaging,
have revealed conflicting results regard-
ing the effect of menopause and
postmenopausal hormone replacement
therapy on the vascular tone of orbital
vessels, finding reduced vascular
resistance either in the central retinal
artery (Belfort et al. 1995; van Baal et al.
1999) or in the ophthalmic artery
(Harris-Yitzhak et al. 2000). These data
implicate the possible influence of
sex hormones on ocular circulation.
Therefore, studying the association of
blood flow parameters with serum sex
hormone levels may well enhance our
understanding of their contribution to
ocular haemodynamics. However, to the
best of our knowledge, this relationship
has not been studied previously.

In the present study, we examined
the flow velocities and resistive indices
in the ophthalmic and central retinal
arteries using non-invasive colour Dop-
pler imaging and measured the serum
levels of sex hormones (oestradiol and
testosterone) in pre- and postmenopau-
sal women. Our objective was to deter-
mine the influence of sex hormones on
ocular haemodynamics.

Material and Methods

Subjects

A total of 54 women were enrolled in
the study. Informed consent was
obtained from each subject after the
nature of the study was explained. The
design of the study was approved by
the Ethical Committee of our institute.
A detailed medical and ophthalmic
history was recorded and all subjects
completed an ophthalmologic examin-
ation. The first group included 22 pre-
menopausal women aged 20–40 years
(mean age 29� 7.2 years). These patients
had no history of any ocular disease.

All were in good health with no evi-
dence of chronic systemic disease, and
all had a history of regular menstrual
cycles. None of these women were tak-
ing oral contraceptives or any chronic
systemic/topical medications. All sub-
jects were studied in the follicular
phase of the menstrual cycle. The
second group included 32 postmeno-
pausalwomenaged45–65years (meanage
52.1� 4.1years). Postmenopausal status
was defined as amenorrhoea for longer
than 1year and the presence of follicle-
stimulating hormone (FSH) greater
than 20 IU/ml. No subject had received
any exogenous sex steroid since the time of
menopause. Exclusion criteria included
diabetes mellitus, uncontrolled hyperten-
sion (blood pressure >160/100mmHg),
smoking, hypercholesterolaemia (total
cholesterol >200mg/dl) and cardiovas-
cular, pulmonary, peripheral vascular or
renal disease. Blood pressure, heart rate,
haemoglobin and haematocrit were meas-
ured in all subjects.

All subjects underwent blood flow
velocity assessment by means of colour
Doppler imaging. Colour Doppler
imaging (CDI) is an ultrasound technique
that combines B-scan grey-scale
imaging of tissue structure with coloured
representation of blood movement
towards or away from the sensor
based on Doppler shifted frequencies
and pulsed-Doppler measurement of
blood flow velocities. All retrobulbar
CDI examinations were performed by
an experienced radiologist. Blood flow
velocity was measured by means of a
colour Doppler imaging device (Logiq
700 MR, GE Medical System,
Milwaukee, Wisconsin, USA) using an
8.8-MHz linear transducer. Before CDI,
subjects rested for 20min in a supine
position. All examinations were carried
out while the patients were in supine
position and the eyes were closed. The
ultrasound transducer was applied to
the closed eyelids using a small amount
of coupling gel, and care was taken not
to apply pressure to the eye to avoid
iatrogenic errors in the flow measure-
ments. One eye per subject was ran-
domly selected for CDI measurement.
Measurements of peak systolic velocity
(PSV) and end-diastolic velocity (EDV)
were taken of the ophthalmic and
central retinal arteries. Two or more
recordings were made to obtain the
best possible visual shape of curve.
The ophthalmic artery was traced
approximately 10–15mm behind the

globe, nasal to the optic nerve after
their crossing. The central retinal artery
was depicted within the anterior part of
the optic nerve shadow, about 2–3mm
behind the surface of the optic disc.
Peak systolic velocity refers to the high-
est blood velocity achieved during a
systole and is calculated from the
frequency of the peak in the Doppler-
shifted spectral waveform. End-
diastolic velocity refers to the lowest
velocity occurring during a diastole and
is calculated from the frequency of the
trough in the waveform. Pourcelot’s
resistive index ([PSV�EDV]/PSV) was
determined in each measurement by
using the unit’s own software. Previous
studies have demonstrated good repro-
ducibility for CDI measurement of the
vessels evaluated in this study (Lieb
et al. 1991; Schemtterer et al. 1998).

Simultaneous blood samples (10ml)
were collected for the assessment of
serum sex hormone levels. The blood
samples were centrifuged and the
resulting serum was kept at �20 � until
assay. Serum oestradiol levels were
evaluated using chemiluminescent
immunoassay by Immulite analyser
(Diagnostic Products Corp., Los
Angeles, California, USA). Serum-free
testosterone levels were determined by
radioimmunoassay by Count-A-Count
analyser (Diagnostic Products Corp.,
Los Angeles, California, USA). Serum
FSH levels were measured by the
electrochemiluminescent immunoassay
by Elecsys 1010/2010Modular Analytics
E170 analyser (Roche Diagnostics
GmbH, Mannheim, Germany).

Statistical analysis

The results are expressed as mean
� standard deviation. Statistical analy-
sis was performed using SPSS Version
10.0 (SPSS Inc., Chicago, Illinois,
USA). Data distribution was analysed.
If data were normally distributed, then
parametric statistical tests were used;
otherwise non-parametric tests were
used. The differences between the two
study groups in age, blood pressure,
heart rate, haemoglobin, haematocrit,
serum sex hormone levels and ocular
blood flow parameters were determined
by means of unpaired t-test or Mann–
Whitney test. The differences in ocular
blood flow parameters between the
groups were also determined by means
of analysis of covariance (ANCOVA),
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with age and mean arterial blood pres-
sure as covariates. The relationship
between ocular blood flow parameters
and age and mean arterial pressure was
determined by means of the Pearson
correlation or the Spearman ranked
correlation coefficients. Associations
between blood flow parameters and
serum levels of oestradiol and testo-
sterone were analysed by partial cor-
relation test, controlling for age. A
p-value< 0.05 was considered statistic-
ally significant.

Results

Subject characteristics and the mean
values of serum sex hormone levels are
shown in Table 1. Postmenopausal
women were significantly older and
had higher blood pressures than pre-
menopausal women. Serum oestradiol
levels in premenopausal women were
significantly higher than those in
postmenopausal women (p< 0.0001).
Serum testosterone levels did not differ
between the two groups (p¼ 0.49).
Serum FSH levels were found to be
significantly lower in premenopausal
women (p< 0.0001).

Peak systolic velocity in the ophthal-
mic artery was higher in premenopausal
women as compared with postmenopau-
sal women (p¼ 0.01; Table 2). End-
diastolic velocity and resistive index (RI)
in the ophthalmic artery were each simi-
lar in the two groups of women. In the
central retinal artery, the premenopausal
women had higher PSV (p¼ 0.001) and
EDV (p< 0.0001) and lower RI than the
postmenopausal women (p< 0.0001;
Table 2). After applying an analysis of
covariance correcting for age and mean
arterial blood pressure, the observed
differences between the two groups
were still significant for EDV (p¼ 0.02)
and RI (p ¼0.01) values measured in
the central retinal artery (Table 2).

When the entire group was analysed
for a correlation between ocular blood
flow parameters and age, PSV in the
ophthalmic artery (r¼� 0.31, p¼ 0.04)
and PSV (r¼� 0.48, p< 0.0001) and
EDV (r¼� 0.55, p< 0.0001) in the
central retinal artery decreased with age
and the RI in the central retinal artery
(r¼ 0.55, p< 0.0001) increased with age.
No significant correlation was observed
between the mean arterial blood pres-
sure and any of the blood flow
parameters (ophthalmic arterial PSV:

p¼ 0.65; EDV: p¼ 0.09; RI: p¼ 0.15
and central retinal arterial PSV
p¼ 0.72; EDV: p¼ 0.47; RI: p¼ 0.51).

The results of partial correlations
between ocular haemodynamic par-
ameters and serum sex hormone levels
are shown in Table 3. For the group of
premenopausal subjects, PSV and EDV
in the ophthalmic artery correlated posi-
tively with oestradiol levels (r¼ 0.58,
p¼ 0.04 and r¼ 0.73, p¼ 0.006, respec-
tively) (Figs 1 and 2). Peak systolic vel-
ocity in the central retinal artery decreased
significantly with increasing testosterone
levels (r¼� 0.49, p¼ 0.04). The RI in the
central retinal artery correlated nega-
tively with oestradiol (r¼� 0.40,
p¼ 0.04) and positively with testosterone
levels (r¼ 0.53, p¼ 0.02) (Fig. 3).

For subjects in menopause, the RI in
the ophthalmic artery increased with
increasing testosterone levels (r¼ 0.48,
p¼ 0.01). In the central retinal artery,
EDV decreased with increasing testo-
sterone levels (r¼� 0.53, p¼ 0.007)
(Fig. 4) and RI correlated positively
with testosterone (r¼ 0.61, p¼ 0.002)
(Fig. 3), and negatively with oestradiol
levels (r¼� 0.32, p¼ 0.05).

Discussion

In this study, we examined the influ-
ence of sex hormones on ocular blood
flow parameters measured by CDI. Our
data showed that blood flow velocities
and resistive indices in the retrobulbar
arteries are significantly influenced by
oestradiol and testosterone levels. Our
findings further suggest that changes in
hormonal activity during menopause
unfavourably affect retrobulbar vascu-
lar reactivity.

The influence of hormonal status on
ocular blood flow has been suggested in
previous reports. Recent studies on
pulsatile ocular blood flow (POBF) have
revealed gender and hormonal status
related alterations in choroidal circula-
tion. Pregnancy, a time of significant
increase in circulating oestrogen
and progesterone, is associated with
increases in the POBF (Centofanti
et al. 2002) and premenopausal women
have higher rates of POBF than age-
matched males and postmenopausal
women (Centofanti et al. 2000a). Belfort
et al. (1995), using CDI, showed that
pregnant women have a higher diastolic

Table 1. Subject characteristics: age, mean arterial blood pressure, heart rate, haemoglobin,

haematocrit and serum hormone levels (mean�SD).

Premenopausal Postmenopausal p

(n¼ 22) (n¼ 32)

Age (years) 29� 7.2 52.1� 4.1 <0.0001

Mean arterial blood pressure (mmHg) 89� 10 97� 9 0.02

Heart rate (beats/min) 76� 8 73� 9 0.09

Haemoglobin (g/dl) 12.4� 0.9 12.8� 0.9 0.1

Haematocrit (%) 38.6� 2.1 39.1� 2.2 0.5

Oestradiol (pg/ml) 96.4� 57 19.5� 14.5 <0.0001

Testosterone (pg/ml) 1.9� 0.7 1.6� 0.5 0.49

FSH (mIU/ml) 5.6� 4 71.3� 33.6 <0.0001

Table 2. Mean blood flow velocities (cm/ s, mean� SD) and resistive indexes of ophthalmic and

central retinal arteries in pre- and postmenopausal women.

Premenopausal

(n¼ 22)

Postmenopausal

(n¼ 32)

p* F† p†

Ophthalmic artery

PSV 42.6� 5.8 37.8� 8.9 0.01 0.83 0.41

EDV 13.2� 2.5 12.7� 3.5 0.53 1.48 0.34

RI 0.70� 0.048 0.69� 0.056 0.42 0.18 0.72

Central retinal artery

PSV 14.6� 2.2 11.9� 3.1 0.001 3.91 0.06

EDV 6.7� 1.0 4.8� 1.6 < 0.0001 4.96 0.02

RI 0.61� 0.037 0.68� 0.064 < 0.0001 6.32 0.01

PSV¼ peak systolic velocity; EDV¼ end-diastolic velocity; RI¼ resistive index.

* p-values of unpaired t-test.
† F and p-values of analysis of covariance, with age and mean arterial blood pressure as covariates.

ACTA OPHTHALMOLOGICA SCANDINAVICA 2003

619



blood flow velocity and a lower resistive
index in thecentral retinal artery compared
to non-pregnant, premenopausal and
hypo-oestrogenic menopausal women,
whereas they reported no significant
changes in blood flow velocities and
vascular resistance in the ophthalmic
artery. In contrast, another recent study
employing CDI (Harris-Yitzhak et al.
2000) suggested that menopause causes
haemodynamic alterations in the ophthal-
micandposterior ciliaryarteries, butnot in
the central retinal artery. In the current

study, postmenopausal women had lower
PSV in the ophthalmic artery, and lower
PSVandEDVandhigherRI in the central
retinal artery compared to premenopausal
women. However, ageing is also known to
be associated with alterations in ocular
blood flow. Previous studies have demon-
strated that ageing is associated with a
reduction in choroidal blood flow
(Ravalico et al. 1996), and an increase in
the resistive index of the ophthalmic
(Harris et al. 2000), central retinal
(Greenfield et al. 1995; Williamson et al.

1995; Groh et al. 1996) and posterior cili-
ary arteries (Greenfield et al. 1995; Harris
et al. 2000). Similarly, our data clearly
show that ageing is associated with lower
blood flow velocities measured in both
vessels andahigherRI in the central retinal
artery. After eliminating the effect of
ageing, the differences between the
pre- and postmenopausal groups were
still significant for the EDV and RI values
measured in the central retinal artery, but
not in the ophthalmic artery. When
interpreting the results of CDI, it is
important to note that velocity measure-
ments by CDI do not provide a direct
measure of blood flow, as both vessel
diameter and velocity are required for this
determination. Despite this limitation, a
number of in vitro and in vivo comparisons
have noted good correlation of volumetric
blood flow with Doppler flow velocities
(Hansen et al. 1983; Miles et al. 1987;
Spencer et al. 1991). Further considerable
evidence points to a close correlation of a
high resistive index and low diastolic
velocity with increased vascular resistance
downstream from the point of CDI
measurement. (Downing et al. 1991;
Spencer et al. 1991; Adamson & Langille
1992). Consequently, our data suggest
that distal vascular resistance increases
in the central retinal artery in menopause
and that it might be related to dysfunc-
tional retinal circulation. Previous studies
(Grunwald et al. 1993; Groh et al. 1996;
Embleton et al. 2002) have shown that
blood flow in the retinal vessels decreases
with advancing age. To our knowledge,
reports studying the effect of the hormonal
state on retinal microcirculation are
lacking in the literature and the subject
needs to be further evaluated.

It is well documented that oestrogens
exert a protective effect on coronary
heart disease and oestrogen replace-
ment therapy is effective in the
prevention of cardiovascular disease
in postmenopausal women (Stampfer
et al. 1991). Furthermore, there are
data suggesting that oestrogen replace-
ment therapy improves global cerebral
perfusion (Funk et al. 1991) and
reduces the pulsatility index in internal
carotid and middle cerebral arteries
(Penotti et al. 1993). In a prospective
study conducted by Van Baal et al.
(1999), the favourable effect of sequen-
tially combined hormone replacement
therapy on vascular impedance in
uterine and central retinal arteries has
been demonstrated. Oestrogen replace-
ment therapy in postmenopausal

Table 3. Partial correlations between ocular blood flow parameters and serum levels of sex

hormones.

Premenopausal (n¼ 22) Postmenopausal (n¼ 32)

Oestradiol Testosterone Oestradiol Testosterone

Ophthalmic artery

PSV r 0.58 0.18 0.15 0.07

p 0.04 ns ns ns

EDV r 0.73 0.08 0.20 � 0.14

p 0.006 ns ns ns

RI r � 0.30 0.03 � 0.01 0.48

p ns ns ns 0.01

Central retinal artery

PSV r � 0.14 � 0.49 0.09 � 0.20

p ns 0.04 ns ns

EDV r 0.06 � 0.25 0.21 � 0.53

p ns ns ns 0.007

RI r � 0.40 0.53 � 0.32 0.61

p 0.04 0.02 0.05 0.002

PSV¼peak systolic velocity; EDV¼ end-diastolic velocity; RI¼ resistive index.

R¼partial correlation coefficient; ns¼not significant (p >0.05).

Peak systolic velocity in the ophthalmic artery (cm/sec)
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Fig. 1. Scattergram of ophthalmic arterial peak systolic velocity versus serum oestradiol levels for

pre- and postmenopausal women.
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women also reduces the resistive index
in the ophthalmic artery (Harris-
Yitzhak et al. 2000) and the suspension
of treatment induces a reduction in
POBF (Centofanti et al. 2000b).

Altogether, these findings implicate
an important role of sex steroids in
vascular pathophysiology and further
suggest the possible influence of serum

levels of sex steroids on vascular
dynamics. Shamma et al. (1992) studied
velocity changes in the middle cerebral
artery during controlled ovarian stimu-
lation after pituitary suppression and
concluded that oestrogen levels are
correlated with flow velocities and pul-
satility index in this vessel. However,
verification of a significant correlation

between sex hormone levels and ocular
blood flow has not been previously
demonstrated.

The results of this study showed that
blood flow and vascular tone in retro-
bulbar arteries are influenced by the
serum levels of oestradiol and testoster-
one. In premenopausal women, flow
velocities in the ophthalmic artery cor-
related positively with oestradiol levels,
which suggests that oestradiol enhances
perfusion in this vessel. The combin-
ation of increased PSV with increased
EDV at a constant RI is consistent
with increased total blood flow through
the vessel (Spencer et al. 1991). More-
over, our finding of decreased RI in the
central retinal artery associated with
higher oestradiol levels further suggests
that oestradiol may reduce resistance to
flow in the retinal circulation.

Oestrogen production by the ovaries
does not continue beyond menopause
and the circulating oestradiol level
decreases to 10–20 pg/ml. However,
oestrogen levels in postmenopausal
women can be significant, principally
due to the extraglandular conversion
of androgens (androstenodione and
testosterone) to oestrogen (Speroff
et al. 1994). In the present study,
although the average level of oestradiol
was significantly lower (19.5 pg/ml)
in postmenopausal women, oestradiol
levels showed considerable variation
(6.1–62.2pg/ml). Postmenopausal women
with higher serum oestradiol levels had
lower RI in the central retinal artery,
however, the favourable effects of oestra-
diol on ophthalmic artery velocities were
no longer evident after menopause.

The beneficial effects of oestrogen
replacement on serum lipid profile
(high density lipoprotein increase and
low density lipoprotein decrease) is the
best known mechanism by which the
protection against coronary artery dis-
ease is obtained; however, this accounts
for only 25% of the overall protection
(Bush et al. 1987; Gruchow et al. 1988).
Animal studies have indicated that
oestrogen may have vascular effects
independent of changes in the lipo-
protein profile and suggested oestrogen
mediated improvement in endothelial
function (Miller et al. 1988; Williams
et al. 1992; Keeney et al. 1994). How-
ever, the exact mechanism of the endo-
thelial effects of oestrogens are still
unclear. The favourable effects of oes-
trogens on blood flow may result from
vascular smooth muscle relaxation

End-diastolic velocity in the ophthalmic artery (cm/sec)
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Fig. 2. Scattergram of ophthalmic arterial end-diastolic velocity versus serum oestradiol levels for

pre- and postmenopausal women.

Resistive index in the central retinal artery
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Fig. 3. Scattergram of central retinal arterial resistive index versus serum testosterone levels for

pre- and postmenopausal women.
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caused by enhanced production of
endothelium-derived relaxing factors,
such as nitric oxide and prostacyclin
or inhibition of the release or activity
of vasoconstrictor substances such as
endothelin (Mikkola et al. 1998) and
angiotensin II (Proudler et al. 1995).
There are also data to suggest that the
action of oestrogen on vascular smooth
muscle is mediated in part by a calcium
channel blocker effect (Salom et al.
2001). These effects are evidently
mediated by oestrogen receptors in
endothelial cells (Mendelsohn 2000).

The vascular effects of testosterone,
however, are not well defined. Cardio-
vascular diseases are often considered
to be predominantly a male health
problem and it has been suggested that
testosterone exerts deleterious effects
on cardiovascular function (Lerner &
Kannel 1986). Previous animal and
human experiments studying the arter-
ial effects of testosterone have shown
conflicting results. Hutchison et al.
(1995) found that physiological concen-
trations of testosterone impair endo-
thelium-dependent vasorelaxation in
cholesterol-fed rabbits. In rats, andro-
gens mediate important sex differ-
ences in cardiovascular responses, with
males showing impaired endothelium-
dependent responses compared with
females (Maddox et al. 1987). In contrast,
however, vasodilatory effects of supra-

physiological doses of testosterone have
also been described in rabbits and
dogs (Yue et al. 1995; Chou et al.
1996). In humans, high testosterone
levels have been correlated with
increased coronary risk factors in
older women (Haffner et al. 1995) and
deprivation of physiological levels of
androgens have been associated with
enhanced endothelial function in adult
men (Herman et al. 1997). The cellular
and molecular mechanisms underlying
vascular responses to testosterone is
unclear. Testosterone decreases high den-
sity lipoprotein levels in both men and
women (Sacks et al. 1995) and testo-
sterone derivatives can exert vasocon-
strictor influences, including decreases
in prostacyclin production (Nakao et al.
1981). It is possible that there are
direct effects of androgens on the vessel
wall, as steroid receptors are known to
exist in the vasculature (Horwitz &
Horwitz 1982).

The present study demonstrates that
higher concentrations of serum testo-
sterone are associated with decreased
PSV and increased RI in the central
retinal artery in premenopausal
women. After menopause, with the dis-
appearance of follicles and oestrogen,
the elevated gonadotropins drive the
remaining stromal tissue in the ovary
to a level of increased testosterone
secretion and testosterone levels do

not fall appreciably (Andreyko et al.
1992). The postmenopausal ovary in
most women secretes more testosterone
than the premenopausal ovary and
together with the marked decline in
oestrogens, the androgen/oestrogen
ratio increases after menopause. Our
data show that the antagonistic influ-
ence of testosterone on retrobulbar
circulation is more prominent after
menopause, evidenced by significant
positive correlations of testosterone
levels with resistive indices in both ves-
sels. Thus, adverse effects of androgens
unopposed by the beneficial effects of
oestrogens during the hypo-oestrogenic
state may contribute to impaired blood
flow velocities and increased vascular
resistance in orbital vessels in post-
menopausal subjects.

In summary, our data provide evi-
dence for a relation between serum sex
hormone levels and retrobulbar circula-
tion. Oestradiol seems to have benefi-
cial effects on ocular haemodynamics,
whereas testosterone may act as an
antagonistic to the favourable effects
of oestrogen. We conclude that
hormonal changes provoked by meno-
pause may contribute to alterations in
ocular haemodynamics.
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Salmi TA (1993): Longterm effects of hormone

replacement therapy on the uterus and on

uterine circulation. Am J Obstet Gynecol 168:

620–623.

Proudler AJ, Ahmed AI, Crook D, Fogelman I,

Rymer JM & Stevenson JC (1995): Hormone

replacement therapy and serum angiotensin-

converting enzyme activity in postmenopau-

sal women. Lancet 346: 89–90.

Ravalico G, Toffoli G, Pastori G, Crocè M &
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