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Purpose:

 

To assess sex difference and parameters possibly accounting for such a difference
in healthy subjects evaluated by means of the Langham Ocular Blood Flow (OBF) System.

 

Methods:

 

Pulse amplitude of intraocular pressure (IOP) and pulsatile ocular blood flow
(POBF) as measured with the Langham OBF System were assessed in 86 healthy men and 69
healthy women.

 

Results:

 

Compared to men, women showed higher POBF (mean 

 

�

 

 SD: 722.6 

 

� 

 

152.8 versus
647.8 

 

� 

 

164.9 

 

�

 

L/min; 

 

P

 

 

 

�

 

 .0056) and pulse amplitude (mean 

 

�

 

 SD: 2.3 

 

�

 

 0.7 versus 2.0 

 

�

 

0.6 mm Hg; 

 

P

 

 

 

�

 

 .0043) values. Sex difference was still significant after correcting for age,
refraction, blood pressure, IOP, and pulse rate. Pulse amplitude correlated negatively with
pulse rate, and POBF correlated negatively with IOP. Women had higher readings in pulse am-
plitude and POBF, even after correcting for age, refraction, IOP, blood pressure, and pulse rate.

 

Conclusions:

 

While using the Langham OBF System, one needs to be aware of sex differ-
ence that is independent of other hemodynamic parameters. How the observed difference in
POBF is related to ocular blood flow, and how it might influence the preponderance of vari-
ous ocular diseases in men or women remains to be clarified.
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Introduction

 

Ocular blood flow abnormalities have been re-
ported in several ocular diseases, such as age-related
macular degeneration, retinitis pigmentosa, diabetic
retinopathy, myopia, and glaucoma.

 

1–14

 

 In recent
years, there has been increasing interest in the quan-
titative assessment of ocular blood flow in patients
with such diseases, as well as in healthy subjects.

 

8,15–17

 

Among various techniques, the pulsatile ocular
blood flow (POBF) assessment by means of the Lang-
ham Ocular Blood Flow (OBF) System

 

18

 

 is frequently
used. It is claimed that this technique derives blood
flow measurements from a pressure/volume relation-
ship,

 

19

 

 permitting an evaluation of the pulsatile com-
ponent of ocular blood flow, which is thought to ac-
count for 50%

 

20

 

 to 80%

 

21,22

 

 of total ocular blood flow.

It has been suggested that the pulsatile component of
ocular blood flow is a reliable parameter for the eval-
uation of choroidal circulation.

 

21

 

 More recent studies
seem to confirm the validity of the OBF system as a
relative measure of pulsatile choroidal blood flow.

 

23,24

 

The POBF may be affected by certain ocular diseases,
such as glaucoma,

 

25,26

 

 as well as by extraocular diseases,
such as carotid stenosis.

 

27

 

 Moreover, POBF changes
may be related to age,

 

28

 

 heart rate,

 

29

 

 axial length and
scleral rigidity,

 

30

 

 as well as change in body posture.

 

26

 

Several studies have shown that some systemic cir-
culatory parameters may be different between men
and women,

 

31–33

 

 including ocular blood flow parame-
ters.

 

34,35

 

 The prevalence of ocular diseases such as
age-related macular degeneration,

 

36

 

 myopia,

 

37

 

 and
glaucoma

 

38

 

 is different in men and women. There-
fore, and because such differences may be related to
different ocular circulatory conditions, it seems rele-
vant to study the sex difference in ocular blood flow.
The authors of previous studies describing ocular
blood flow differences measured in male and female
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subjects by the Langham OBF System postulated

 

34,35

 

an influence of heart rate on their results, but did not
provide statistical evidence for their hypothesis.
Therefore, a detailed evaluation of the difference in
ocular blood flow parameters between healthy men
and women as measured by the Langham OBF Sys-
tem, as well as an analysis of potential factors possi-
bly accounting for such a difference was performed
in the present study.

 

Materials and Methods

 

Subjects between 16 and 78 years of age were re-
cruited for the present study. The protocol had been
approved by the institutional ethics committee, and
each subject signed an informed consent form prior
to any examination. Subjects were screened for sys-
temic and ocular diseases. Age and sex were re-
corded. A detailed medical history was obtained.
Subjects with a history of diabetes, high levels of
blood lipids, systemic circulatory diseases, drug
abuse, alcohol drinking, and smoking habits were ex-
cluded. Further exclusion criteria were ocular dis-
eases, such as glaucoma and retinal vascular illness,
and any eye-related surgery or medication.

Subjects were excluded if they had a history of sys-
temic disease, any chronic systemic medication (es-
pecially 

 

�

 

-adrenergic blockers, nicotinic acid, cal-
cium-channel blockers, or other vasoactive drugs),
drug or alcohol abuse. Further exclusion criteria
were a best-corrected visual acuity worse than 20/25,
ametropia with spherical equivalent 

 

�

 

3 or 

 

�

 

3 diopt-
ers, an applanatory intraocular pressure (IOP) of
and above 20 mm Hg, or any pathological finding
upon ophthalmologic examinations, including slit-
lamp biomicroscopy and indirect fundoscopy.

All subjects underwent blood pressure (BP) mea-
surement in the sitting position. Subjects relaxed in
the reception area for at least 15 minutes prior to any
BP measurement. The BP was evaluated by means
of a mercury sphygmomanometer, with a standard
adult cuff. One arm was exposed, and kept free from
constricting clothing. During the BP measurements,
the cuff was placed around the arm, approximately
at heart level. The BP was evaluated by multiple
measurements at 2-minute intervals, 2 to 3 times in
each subject. Subjects with a high variation (

 

�

 

5 mm
Hg) between measurements were excluded from the
study. The systolic blood pressure (SBP), and dia-
stolic blood pressure (DBP) measurements were av-
eraged for the entire experimental period. The mean
blood pressure (MBP) was calculated according to
the formula: MBP 

 

�

 

 DBP 

 

�

 

 1/3 

 

	

 

 (SBP 

 




 

 DBP).

The POBF assessment was performed by means of
the Langham OBF System (OBF Labs, Malmesbury,
Wiltshire, UK; software version 8.3). Basic funda-
mentals of this system have been described else-
where.

 

20,22,39–41

 

 Briefly, it is thought that the pulsatile
component of choroidal circulation is calculated from
the ocular pulse measured by an applanation pneu-
motonometer. During systole, a quantity of blood
(bolus) enters the choroidal circulation, causing a
change in IOP proportional to its volume. The pulsa-
tile blood flow is calculated from the pulse amplitude.
A pneumotonometer transmits IOP change signals
recorded over a period of 15–20 seconds to a com-
puter that automatically selects five pulses of equiva-
lent amplitude. The POBF values are calculated after
taking into account the heart rate and a standard
value for scleral rigidity.

 

20,22,39–41

 

 This instrument pro-
vides data with reasonable reproducibility.

 

42

 

All OBF measurements were done by the same
observer (MG). The POBF testing was conducted in
the sitting position, with the pneumotonometer
probe mounted on a slit-lamp microscope, following
the instillation of a topical anesthetic (oxybup-
rocaine 0.4%). One randomly selected eye was
tested in each subject. Measurements were all taken
between 10 am and 12 pm in order to reduce the po-
tential influence of circadian changes.

The OBF software automatically calculated and
stored in the database the IOP, pulse amplitude,
pulse rate, and POBF values recorded over a maxi-
mum period of 20 seconds. If during this time, five
pulses of equivalent amplitude could not be re-
corded, the test was automatically interrupted and
the recorded measurements were classified as of
poor reliability by the computer software. Such mea-
surements were excluded from further analysis.

From 324 subjects originally recruited for the
present study, 50 (15.43%) were excluded on the basis
of medical history revealing a relevant pathological
condition or chronic medication intake; 43 (13.27%)
subjects were excluded because of a refraction error 

 

�

 

3
diopters (spherical equivalent); 33 (10.19%) subjects
were excluded because they had an IOP 

 

�

 

21 mm Hg
on applanation tonometry; 23 (7.1%) subjects were
excluded because they had an elevated systemic BP
(SBP 

 

�

 

140 or DBP 

 

�

 

90); and 20 (6.17%) subjects
were excluded from the statistical analysis because
their results were classified as of poor reliability by
the OBF software. As a result, 86 men (mean age 

 

�

 

SD: 44.1 

 

�

 

 14.1 years) and 69 women (mean age 

 

�

 

SD: 44.4

 

�

 

15.6 years) were included in the analysis.
Differences between men and women in age, re-

fraction, IOP, BP, pulse rate, POBF values, and
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pulse amplitude were analyzed by means of the Stu-
dent 

 

t

 

-test for unpaired variables. Furthermore, the
differences in POBF values and pulse amplitude be-
tween male and female subjects were determined in
a model of analysis of covariance (ANCOVA), with
age, MBP, refraction, IOP, and pulse rate as chang-
ing covariates. The relationship between the ocular
blood flow parameters (POBF and pulse amplitude)
and sex, age, refraction, MBP, IOP, and pulse rate
was analyzed by means of Pearson’s linear correla-
tion factors as well as in a least squares regression
model (multiple regression), where the partial corre-
lations, the correlation between a given predictive
variable and the dependent variable after correcting
for all other influences, were scrutinized. 

 

P

 

-values

 

�

 

.05 were considered statistically significant.

 

Results

 

The characteristics of the study groups are given in
Table 1. There were no statistically significant differ-
ences between men and women in age, refraction,
IOP, and pulse rate, but women had a statistically
significantly lower systemic BP than men (SBP,
DBP, and MBP), as well as higher POBF and pulse
amplitude values.

After correcting for age, refraction, MBP, IOP,
and pulse rate in an analysis of covariance model,
the observed differences between the sexes were still
significant for pulse amplitude (

 

F

 

 

 

�

 

 7.28; 

 

P

 

 

 

�

 

 .0077)
as well as for POBF (

 

F

 

 

 

�

 

 7.79; 

 

P

 

 

 

�

 

 .0059).
Pulse amplitude correlated statistically significantly

with pulse rate (

 

R

 

2

 

 

 

�

 

 0.06; 

 

P

 

 

 

�

 

 .004). No significant
correlations were found between pulse amplitude and
age (

 

R

 

2

 

 

 

�

 

 0.001; 

 

P

 

 

 

�

 

 .99), refraction (

 

R

 

2

 

 

 

�

 

 0.008; 

 

P

 

 

 

�

 

.26), MBP (

 

R

 

2

 

 

 

�

 

 0.006; 

 

P

 

 

 

�

 

 .34), or IOP (

 

R

 

2

 

 

 

�

 

 0.002;

 

P

 

 

 

�

 

 .56).
The POBF correlated statistically significantly with

IOP (

 

R

 

2

 

 

 

�

 

 0.12; 

 

P

 

 

 

�

 

 .0001). No significant correla-

tions were found between POBF and age (

 

R

 

2

 

 

 

�

 

 0.009;

 

P

 

 

 

�

 

 .23), refraction (

 

R

 

2

 

 

 

�

 

 0.015; 

 

P

 

 

 

�

 

 .12), MBP (

 

R

 

2

 

 

 

�

 

0.012; 

 

P

 

 

 

�

 

 .16), or pulse rate (

 

R

 

2

 

 

 

�

 

 0.005; 

 

P

 

 

 

�

 

 .38).
A multiple regression analysis between pulse am-

plitude and sex, age, refraction, MBP, IOP, and
pulse rate disclosed a statistically significant model
(

 

R

 

2

 

 

 

�

 

 0.12; 

 

P

 

 

 

�

 

 .006). Partial correlations disclosed a
higher pulse amplitude for women (

 

P � .008) and a
lower pulse amplitude in subjects with higher heart
rate (P � .003).

A multiple regression analysis between POBF and
sex, age, refraction, MBP, IOP, and pulse rate dis-
closed a statistically significant model (R2 � 0.19; P �
.0001). Partial correlations disclosed higher POBF
readings for women (P � .006), and lower POBF
readings in subjects with higher IOP (P � .0001).

Discussion
Studies investigating ocular hemodynamics are in-

fluenced by several variables that assume a critical
relevance when measurements of different subjects
are compared. Using analysis of variance and uni- as
well as multivariate regression analysis models, we
demonstrated that, independent of age, refraction,
IOP, BP, and pulse rate, women have higher POBF
and pulse amplitude values as measured by the
Langham OBF system.

Studies dealing with sex difference in blood flow
are scarce. Duvernoy et al33 found that women have
a higher blood flow in myocardium compared to
men. Gur and Gur31 as well as Daniel et al32 showed
that women have higher cerebral blood flow than
men. There are also some observations regarding sex
differences in ocular blood flow. Fontana et al,35 in a
large study collecting POBF measurements from
more than 1500 subjects, found that POBF values
were approximately 18% higher in women than in
men, and postulated that part of this difference may
be attributed to the higher heart rate found in
women in their study. A similar influence was postu-
lated by Yang et al,34 who found that women had sig-
nificantly higher POBF values compared to men, as
well as higher pulse rates. However, the difference in
pulse rate did not account for the entire differences
between men and women in a multiple regression
analysis model in the study from Fontana et al,35

which is consistent with the present findings. The
POBF values and the differences between the sexes
found in the present study were comparable to those
reported in previous studies in normal subjects.34,35

In the present study, no differences were found be-
tween men and women in pulse rate, but pulse ampli-

Table 1. Characteristics (Mean � SD) of the Study Groups

Characteristics Men (n � 86) Women (n � 69) P-Values

Age 44.1 � 14.1 44.4 � 15.6 .89
Refraction 0.07 � 0.98 0.05 � 0.97 .92
Systolic BP 122.7 � 11.2 114.4 � 12.33 �.0001
Diastolic BP 78.0 � 7.7 74.9 � 8.7 .017
Mean BP 92.9 � 7.9 88.0 � 8.9 .0004
IOP 16.1 � 2.2 15.9 � 2.4 .52
Pulse rate 74.6 � 9.5 73.4 � 8.8 .62
POBF 647.8 � 164.9 722.6 � 152.8 .0043
Pulse amplitude 2.0 � 0.6 2.3 � 0.7 .0056

BP: systemic blood pressure, IOP: intraocular pressure, POBF:
pulsatile ocular blood flow.
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tude correlated significantly with heart rate. The dif-
ference in pulse amplitude between men and women
persisted after correcting for pulse rate. Furthermore,
no influence of pulse rate on POBF was observed.
Therefore, the sex difference in POBF values cannot
be attributed to this variable. Finally, in a multiple re-
gression model, pulse rate did not influence the
POBF values. Consequently, pulse rate, although af-
fecting pulse amplitude in ocular blood flow measure-
ments by means of the Langham OBF System, does
not entirely account for differences found between
men and women in pulse amplitude and POBF.

The influence of further factors was addressed in
multiple regression analysis models. Women in the
present cohort had a significantly lower systemic BP
than men. However, the BP influenced neither POBF
nor pulse amplitude values in a multiple regression
model, and the difference between men and women
was independent of systemic BP in a covariance anal-
ysis model. The POBF was influenced by IOP, which
was expected from earlier studies.35,43 Higher IOP val-
ues were accompanied by lower POBF values. How-
ever, the IOP values of the subjects included in the
study were in the normal range, and there was no sta-
tistically significant difference between men and
women with regard to this parameter. Furthermore,
IOP did not account for differences found between
men and women in pulse amplitude and POBF in the
statistical models applied. Consequently, the sex dif-
ferences in POBF and pulse amplitude values cannot
be attributed to IOP or systemic BP.

In contrast to earlier studies, we found no correla-
tion between POBF and ametropia, possibly because,
compared to previous investigations,35,44 the range in
refractive error was less marked in our study, Further-
more, age did not influence the readings in POBF in
our study. However, the relationship found between
POBF and age in earlier studies may be due to the in-
fluence of systemic BP. Previous studies either had
not investigated the influence of systemic BP at all,35

or had included subjects with high BP readings.28 In
our study, we excluded not only subjects treated for
systemic hypertension, but also any individual with a
high systemic BP reading during the selection of the
subjects, because such individuals might not be aware
of their high systemic BP condition. We had to con-
sider an altered vascular system in such individuals
(they were referred to their physician). The fact that
the correlation between POBF and age was indepen-
dent of the level of BP readings28 cannot account for
potential alteration in the vascular system induced by
an unknown high BP condition. This peculiar fact
may account for the differences found with regard to

the influence of age on POBF between the current
evaluation and earlier assessments.

To the best of our knowledge, the present study
represents the most detailed statistical analysis of the
sources of the differences between female and male
subjects when assessed by means of the Langham
OBF System, underlining the independence of such
a difference from other measured hemodynamic pa-
rameters. An influence of the hormonal status on the
choroidal circulation has been suggested as a possi-
ble reason for a higher POBF in healthy female sub-
jects as assessed with the Langham OBF System, al-
though the influence of hormones still needs to be
clarified.45 Furthermore, how the observed differ-
ence in POBF might influence the preponderance of
various ocular diseases in men or women remains
unclear. It is remarkable that similar differences be-
tween sexes have not been observed in studies using
other noninvasive methods assessing choroidal
blood flow,46,47 although, admittedly, the pulsatility
of choroidal blood flow has not been analyzed with
regard to sex differences in these investigations. In-
deed, the differences between male and female sub-
jects described in the present study apply only to the
pulsatile part of the choroidal blood flow. It must be
stressed that the implications of the present results
are, at least partly, also methodological. Indeed, be-
cause scleral rigidity might influence POBF mea-
surements with the Langham OBF System, the
present findings might not relate only to choroidal
blood flow, although recent studies seem to substan-
tiate the validity of data obtained with this de-
vice.23,24 Furthermore, although it might be debat-
able how much measurements with this device relate
to choroidal blood flow, it is widely used, especially
for scientific studies. Consequently, it is important
for those scientists who use this device to be aware
of possible pitfalls during the measurements.

Supported by a grant of the Swiss National Foundation (32-
059094.99).
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