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Introduction
Glaucoma has been identified as the second leading cause of blindness worldwide after cataracts.1 
Extensive research has suggested an association between vascular risk factors and glaucoma.2,3,4 
Although intraocular pressure (IOP) remains a significant risk factor for glaucoma, studies have 
noted that arterial blood pressure (BP) can also influence the disease progression.4,5 Ocular 
perfusion pressure (OPP) regulates the flow of blood to the optic nerve and is determined by the 
interplay between IOP and BP.6 Considering the relationship between OPP and open-angle 
glaucoma (OAG) is multifaceted, the focus of this study was to compare the postural and diurnal 
aspects of OPP in healthy individuals of different ethnicities.

Universally, the perfusion pressure of an isolated organ is defined as the difference in pressure 
between its arterial and venous blood supply.7 Research has indicated that the venous pressure 
within the eye is approximately equivalent to the IOP; hence, OPP is measured as the difference 
between the arterial BP and IOP.4,8 OPP can further be formulated as systolic OPP (SOPP), which 
is the difference between the systolic BP and IOP5, and diastolic OPP (DOPP), which is the 
difference between the diastolic BP and IOP. Mean OPP (MOPP) can be taken as the difference 
between two-thirds of the mean arterial pressure (MAP) and IOP, where the factor of two-thirds 
accounts for the difference in BP between the brachial and ophthalmic arteries. The difference 
between the systolic and diastolic BP is factored by one-third and then added to the diastolic BP 
to determine the MAP.5

In contrast to the abundance of literature arising from various epidemiological studies and clinical 
trials, only a few experimental studies have explored the combined effects of IOP and BP on 
ocular perfusion.4,8 The Baltimore Eye Study noted that only DOPP lower than 30 mmHg portrayed 
the most clinical significance in the pathogenesis of glaucoma.9 Both the Barbados Eye Study and 
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the Latino Eye Study disregarded the isolative importance 
of DOPP.4,8 The Barbados Eye Study noted that SOPP 
≤ 98 mmHg, DOPP ≤ 53 mmHg and MOPP ≤ 40 mmHg were 
all associated with an increased risk of OAG.4 The Latino Eye 
Study similarly concluded that MOPP ≤ 50 mmHg, DOPP 
≤ 40 mmHg and SOPP ≤ 80 mmHg displayed a greater 
prevalence of OAG.8 It can be deduced that the measurement 
of OPP is vital in portraying the vascular state of the eye as a 
reduction in BP or an increase in IOP results in a decrease 
in the overall perfusion pressure which increases the 
susceptibility of the optic nerve to glaucomatous changes.

Diurnal variations (i.e. morning vs. afternoon) in IOP and 
BP are noted throughout the day. Lui et al.5 investigated the 
diurnal IOP (i.e. the average of morning and afternoon IOP) 
and BP patterns and noted that the mean diurnal IOP was 
significantly higher in patients with suspected primary 
open-angle glaucoma (POAG) as compared to normal 
individuals.5 The study also reported that the mean diurnal 
BP was significantly lower in glaucomatous patients as 
compared to age-matched normal participants.5 The increase 
in IOP is because of the increased episcleral venous pressure 
induced by the action of the supine posture impeding the 
outflow of aqueous humour from the anterior chamber 
observed during sleep at night noting a peak recording in 
the morning.10

Variations in IOP and BP are also attributed to changes in 
body posture which are highly significant and modifiable. 
Postural IOP and BP are denoted as measurements taken in 
both the seated and supine positions.5,11,12 In clinical practice, 
IOP is mostly measured in the seated position. However, 
higher readings were noted in the supine position because of 
an increase in the episcleral venous pressure.5 In contrast to 
IOP, BP is noted to be lower in the supine position, and thus, 
measurements in both the seated and supine positions 
are required to accurately predict postural IOP and BP 
fluctuations.13

Liu et al.5 reported that IOP increases in the supine position 
approximate 6 mmHg in both normal and glaucomatous 
patients. In addition to an increase in IOP, postural changes 
can influence OPP through BP, as moving from the seated 
position to the supine position can result in a drop in systemic 
BP by 20 mmHg – 30 mmHg, which also leads to a decrease 
in ocular resistance.12 It can be deduced from these clinical 
studies that postural and diurnal variations should be 
accounted for during BP and IOP measurements to accurately 
identify those which are of concern.

The incidence of OAG was investigated in various 
epidemiological studies from different geographical 
locations.4,8,9 Leske et al.4 conducted the first population-based 
study that investigated the effects of OPP on the incidence of 
OAG in a sample of black descendants aged between 40 and 
84 years. Leske et al.4 concluded after a clinical trial of 9 years 
that participants who displayed a reduced MOPP, SOPP and 
DOPP had a higher risk of OAG, with 61% of the sample 
diagnosed with OAG at the end of the trial.4 Rudnicka et al.14 

concluded that black populations had the highest OAG 
prevalence at all ages. However, there has been a paucity in 
literature relating to the effects of OPP in healthy individuals 
of different ethnicities as many studies have included patients 
on treatment with anti-glaucomatous and/or anti-hypertensive 
drugs which affected the quantification of OPP.8,9 Siesky et al.15 
reported that individuals of African descent have reduced 
ocular blood flow than those of European descent which 
increases their risk to POAG.

There is adequate evidence to indicate that diurnal and 
postural variations in IOP and BP have been implicated in 
the development of OAG. In particular, low BP and high IOP 
predispose one to low OPP which increases the likelihood of 
ischaemic stress. An improved understanding of these two 
risk factors and how they interact to produce OAG will help 
better target potential treatment strategies. South Africa’s 
multiracial society affords opportunities to study whether 
any ethnicity has a greater predilection to reduced OPP; thus, 
the study aims to compare the diurnal and postural OPP in 
healthy individuals from different ethnicities between the 
ages of 18 and 30 years.

Methodology
The objective of the study was to compare the diurnal and 
postural OPP in young healthy adults of different races, 
using an automated sphygmomanometer and the ICare 
rebound tonometer.

This is an observational, cross-sectional study. A purposive 
sampling technique was used to determine the eligibility of 
the participants for the study from the student population at 
the University of KwaZulu-Natal. The total sample size 
consisted of 40 participants, and this was determined using 
F-tests ANOVA on SPSS software version 24. Ten participants 
between the ages of 18 and 30 years from each race group 
(i.e. African people, white people, Indians and mixed-race 
people), whose body mass index (BMI) was in the normal 
range (i.e. 18.50–24.99), and who presented with no associated 
ocular and chronic systemic disorders, with no usage of 
chronic medication, were admitted into the study. The 
inclusion criteria specified that all participants were of South 
African Nationality16 and belonged to one of the four different 
race groups, as indicated by the participants. All participants 
were emmetropic or presented with low (< 0.50 DS/DC) 
ametropia17 and were not recreational drug users or smokers. 
The study was conducted in the Discipline of Optometry, Eye 
clinic, University of KwaZulu-Natal, Westville campus.

Instrumentation
The automated sphygmomanometer and ICare rebound 
tonometer were found to be most effective and efficient in 
acquiring the diurnal measurements as a valid tool.18,19 The 
MicroLife automatic BP machine was used to measure BP 
and the ICareTA011 rebound tonometer was used to measure 
IOP. The ICare takes an average of six readings with a valid 
reading shown with ‘P’ or ‘P_’, which indicates that the 
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standard deviation of the different measurements has a 
slightly greater value than normal, but the effect on the result 
is unlikely to be relevant. Because of the above-mentioned 
mechanism, the ICare was shown to have inter-examiner 
reliability.20 The automatic sphygmomanometer displays 
systolic and diastolic BP, where an average of two BP 
measurements was taken one min apart with no greater than 
5 mmHg in difference to ensure reliability.21

Study process
The screening process for each participant included a case 
history, BMI calculation, direct ophthalmoscopy and/or 
fundus photography in order to meet the study’s inclusion 

criteria. Body mass index was calculated as: Weight 
Height m

( )
( )2
kg  and 

classified according to the table adapted from the World 
Health Organisation22 as an indicator of good health. A 
calibrated Hanson HX3019 Electronic Scale and a standard 
height stick were used to measure weight and height, 
respectively. The nationality of each participant was 
confirmed by checking their South African identification 
numbers and ensuring that the 11th number was a ‘0’. This is 
to ensure that only individuals of a South African nationality 
were admitted into the study.

Data collection commenced with two sets of postural 
measurements (seated and supine) taken once in the morning 
between 06:00 and 11:00 and a second time in the afternoon 
between 14:00 and 18:00.21 The minimal time difference for 
morning versus afternoon measurements was 6 hours for 
participants. Kanadani et al.23 found that OPP was lowest in 
normal subjects around 12:00. Thus, morning and afternoon 
measurements were structured before and after 12:00. All 
procedures in both sessions were identical and began with a 
period of rest to ensure measurements were not contaminated 
by strenuous activity.24 Although measurements were being 
conducted, participants were instructed to relax, remain 
motionless and observe in silence. Intraocular pressure 
measurements were always followed by BP measurements.

Supine measurements
Supine measurements commenced with participants’ supine 
for 5 min.25 Supine IOP measurements were obtained by 
making the patient turn his or her head in the opposite 
direction to the eye being tested.26 Supine BP measurements 
followed with the participants’ hand rested beside them and 
the cuff correctly orientated and fastened over the left lower 
bicep just above the brachial artery.

Seated measurements
Seated measurements commenced after participants were 
seated upright for 5 min.25 Seated IOP measurements were 
taken with the participant looking straight ahead. Seated BP 
measurements followed with the participants’ left arm rested 
on a table beside them, aligned with their heart, and the cuff 
placed in the same position as stated above.

Ocular perfusion pressure calculations
The data collected were entered into the following formulae 
in order to calculate OPP27:

DOPP = 2/3 DBP – IOP
SOPP = 2/3 SBP – IOP
MOPP = 2/3 (MAP – IOP), where MAP = DBP + 1/3 (SBP – DBP)

Systolic and diastolic BP measurements were taken as the 
average of two measurements. To ascertain the diurnal 
measurements, the MOPP, SOPP and DOPP were calculated 
for each participant in the morning and separately in the 
afternoon. To account for the postural measurements, the 
morning and afternoon calculations for MOPP, SOPP and 
DOPP were further separated into supine and seated 
measurements.

Ethical consideration
Ethical permission was obtained from the Biomedical 
Research and Ethics Committee at the University of 
KwaZulu-Natal. All participants signed an informed consent 
form prior to commencement of the study. All researchers 
ensured that participant information was kept confidential.

Results
The study population comprised of 40 healthy university 
students, 20 males and 20 females, between the ages of 18 and 
30 years with the mean age of the sample being 22 years. The 
40 participants were sub-divided into 10 from each race 
group, namely Africans, Indians, mixed-race people and 
white people.

The IOP and BP measurements were obtained in the morning 
and afternoon at different postural positions of supine and 
seated to calculate the MOPP, DOPP and SOPP. The IOP 
measurements of the right eyes only were used for statistical 
analysis as no statistically significant difference was obtained 
between the IOP of the two eyes per participant. The 
comparison of IOP between the right and left eye was 
statistically insignificant, when seated and supine in the 
morning were p = 0.06 and p = 0.47, respectively, and in the 
afternoon, this was p = 0.59 and p = 0.39, respectively. 
Statistical analysis was performed using the Statistical 
Package for Social Science (SPSS) Version 24 at a 95% 
confidence interval (p < 0.05) using Wilcoxon signed-rank 
test for non-parametric data.

Analysis of diurnal changes from morning  
to afternoon
The whole sample (N = 40), as illustrated in Table 1, showed 
that the supine mean MOPP, DOPP and SOPP values had a 
mean increase in the afternoon measurements when 
compared to the morning measurements; however, these 
results were not statistically significant. In the seated position, 
the mean MOPP, DOPP and SOPP measurements also 
showed a mean increase in the morning measurements when 
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compared to the afternoon measurements, with only the 
diurnal seated MOPP and SOPP being statistically significant 
with p = 0.04 and p = 0.01, respectively.

The sample of Africans (n = 10), as illustrated in Table 1, 
showed that the supine mean MOPP and SOPP measurements 
had a mean increase in the afternoon measurements 
compared to the morning measurements, and supine 
mean DOPP showed a mean decrease in the afternoon 
measurements compared to the morning measurements; 
however, these results were all not statistically significant. In 
the seated position, the mean MOPP, DOPP and SOPP 
measurements also showed a mean decrease in the afternoon 
measurements when compared to the morning measurements, 
with only the diurnal seated DOPP being statistically 
significant at p = 0.045.

The sample of mixed-race people (n = 10), as illustrated in 
Table 1, showed that both the supine and seated mean MOPP, 
DOPP and SOPP measurements having a mean increase in 
the afternoon from the morning, with only the diurnal seated 
SOPP being statistically significant at p = 0.045.

The sample of Indians (n = 10), as illustrated in Table 1, 
showed that the supine mean MOPP and DOPP measurements 
had a mean decrease in the afternoon measurements 
compared to the morning measurements, and supine SOPP 
showed a mean increase in the afternoon measurements 
compared to the morning measurements. In the seated 
position, the mean MOPP, DOPP and SOPP values all showed 
a mean increase in the afternoon measurements when 
compared to the morning measurements; however, all these 
results for the diurnal supine and seated analysis were not 
statistically significant.

The sample of white people (n = 10), as illustrated in Table 1, 
showed that both the supine and seated mean MOPP, DOPP 
and SOPP measurements had a mean increase in the 
afternoon measurements when compared to the morning 
measurements, with only diurnal supine SOPP being 
statistically significant at p = 0.004.

Analysis of postural changes from seated  
to supine positions
The whole sample (N = 40), as illustrated in Table 2, indicated 
that the morning and afternoon MOPP, DOPP and SOPP 
measurements displayed a mean increase in the seated 
position when compared to the supine position, with all 
comparisons being statistically significant except for the 
morning SOPP postural comparison.

The sample of Africans (n = 10), as illustrated in Table 2, 
showed that the morning and afternoon mean MOPP, DOPP 
and SOPP measurements had a mean increase in the seated 
position when compared to the supine position, with only 
the MOPP and DOPP postural comparison in the morning 
being statistically significant.TA
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The sample of mixed-race people (n = 10), as illustrated in 
Table 2, showed that the morning and afternoon MOPP, 
DOPP and SOPP measurements had a mean increase in the 
seated position when compared to the supine position, with 
all except the postural morning and afternoon SOPP values 
being statistically significant.

The sample of Indians (n = 10), as illustrated in Table 2, 
showed that the morning mean MOPP, DOPP and SOPP 
measurements all had a mean decrease in the seated position 
when compared to the supine position; however, these 
findings were not statistically significant. In the afternoon, 
the mean MOPP, DOPP and SOPP measurements all showed 
a mean increase in the seated position when compared to the 
supine position, with only the afternoon MOPP and DOPP 
being statistically significant.

The sample of white people (n = 10), illustrated in Table 2 
and Figures 1, 2 and 3, showed that the morning and 
afternoon mean MOPP, DOPP and SOPP measurements had 
a mean increase in the seated position when compared to 
the supine position, with all except the postural morning 
and afternoon SOPP measurements being statistically 
significant.

Ethnicity comparison
As shown in Table 3, and Figures 1, 2 and 3, the afternoon 
MOPP, DOPP and SOPP in the seated position for the African 
sample when compared to the mixed-race sample were 
statistically significant. The African sample in comparison 
had a lower OPP.

As shown in Table 3 and Figure 1, the afternoon SOPP 
measurements in the seated position for the African sample 
when compared to the white sample were statistically 
significant. The African sample in comparison displayed a 
lower OPP.

TA
BL

E 
2:

 P
os

tu
ra

l m
ea

ns
 a

nd
 m

ea
n 

ch
an

ge
 fo

r m
ea

n 
oc

ul
ar

 p
er

fu
sio

n 
pr

es
su

re
, d

ia
st

ol
ic

 o
cu

la
r p

er
fu

sio
n 

pr
es

su
re

 a
nd

 sy
st

ol
ic

 o
cu

la
r p

er
fu

sio
n 

pr
es

su
re

 in
 d

iff
er

en
t r

ac
e 

gr
ou

ps
 a

nd
 th

e 
w

ho
le

 sa
m

pl
e.

O
PP

Af
ric

an
s;

 n
 =

 1
0

In
di

an
s;

 n
 =

 1
0

M
ix

ed
 ra

ce
 p

eo
pl

e;
 n

 =
 1

0
W

hi
te

 p
eo

pl
e;

 n
 =

 1
0

W
ho

le
 sa

m
pl

e;
 N

 =
 4

0

Su
pi

ne
  

(m
m

Hg
)

Se
at

ed
 

(m
m

Hg
)

M
ea

n 
ch

an
ge

p
Su

pi
ne

 
(m

m
Hg

)
Se

at
ed

 
(m

m
Hg

)
M

ea
n 

ch
an

ge
p

Su
pi

ne
 

(m
m

Hg
)

Se
at

ed
 

(m
m

Hg
)

M
ea

n 
ch

an
ge

p
Su

pi
ne

 
(m

m
Hg

)
Se

at
ed

  
(m

m
Hg

)
M

ea
n 

ch
an

ge
p

Su
pi

ne
  

(m
m

Hg
)

Se
at

ed
M

ea
n 

ch
an

ge
p

M
O

PP
AM

39
.2

 ±
 3

.8
41

.6
 ±

 2
.8

2.
4

0.
03

0
41

.6
 ±

 6
.8

41
.1

 ±
 3

.9
-0

.5
0.

79
5

40
.1

0 
± 

4.
4

42
.8

 ±
 3

.1
2.

7
0.

03
1

38
.6

 ±
 4

.9
41

.7
 ±

 4
.9

3.
1

0.
00

8
39

.9
 ±

 5
.0

41
.8

 ±
 3

.7
1.

9
0.

0
PM

39
.8

 ±
 3

.9
40

.2
 ±

 2
.7

0.
4

0.
42

3
40

.9
 ±

 4
.8

43
.6

 ±
 5

.6
2.

7
0.

00
6

41
.6

 ±
 4

.7
44

.7
 ±

 5
.4

3.
1

0.
00

6
40

.4
 ±

 6
.3

44
.2

 ±
 6

.0
3.

8
0.

00
2

40
.7

 ±
 4

.9
43

.2
 ±

 5
.2

2.
5

0.
0

DO
PP

AM
52

.7
 ±

 3
.9

55
.9

 ±
 3

.5
3.

2
0.

04
8

58
.1

 ±
 8

.8
57

.1
 ±

 4
.9

-1
.0

0.
67

8
52

.7
 ±

 4
.7

57
.0

 ±
 3

.5
4.

3
0.

00
4

50
.8

 ±
 6

.7
56

.4
 ±

 6
.9

5.
7

0.
00

4
53

.5
 ±

 6
.6

56
.6

 ±
 4

.7
3.

0
0.

0
PM

51
.7

 ±
 4

.6
52

.9
 ±

 3
.5

1.
2

0.
11

7
55

.7
 ±

 5
.7

59
.2

 ±
 7

.1
3.

5
0.

00
2

53
.6

 ±
 5

.3
58

.3
 ±

 7
.7

4.
7

0.
00

7
53

.7
 ±

 9
.1

58
.0

 ±
 7

.4
4.

3
0.

01
9

53
.6

 ±
 6

.3
57

.1
 ±

 6
.9

3.
2

0.
0

SO
PP

AM
95

.9
 ±

 8
.8

97
.7

 ±
 7

.1
1.

8
0.

36
1

98
.8

 ±
 1

3.
4

98
.1

 ±
 1

1.
5

-0
.7

0.
88

4
10

0.
5 

± 
11

.5
10

2.
9 

± 
8.

3
2.

4
0.

19
4

99
.2

 ±
 9

.9
10

0.
6 

± 
8.

5
1.

5
0.

51
9

98
.6

 ±
 1

0.
7

99
.8

 ±
 8

.9
1.

3
0.

3
PM

97
.2

 ±
 9

.2
97

.3
 ±

 8
.4

0.
1

0.
89

2
99

.4
 ±

 1
0.

5
10

2.
5 

± 
11

.4
3.

1
0.

11
5

10
2.

6 
± 

10
.9

10
6.

1 
± 

10
.2

3.
6

0.
05

4
10

1.
7 

± 
10

.1
10

5.
7 

± 
11

.0
4.

0
0.

05
5

10
0.

2 
± 

10
.2

10
2.

9 
± 

10
.5

2.
7

0.
0

SD
, s

ta
nd

ar
d 

de
vi

ati
on

 in
di

ca
te

s t
he

 e
xt

en
t o

f d
ev

ia
tio

n 
on

 S
O

PP
, D

O
PP

 a
nd

 M
O

PP
. O

PP
, o

cu
la

r p
er

fu
sio

n 
pr

es
su

re
; S

O
PP

, s
ys

to
lic

 o
cu

la
r p

er
fu

sio
n 

pr
es

su
re

; D
O

PP
, d

ia
st

ol
ic

 o
cu

la
r p

er
fu

sio
n 

pr
es

su
re

; M
O

PP
, m

ea
n 

oc
ul

ar
 p

er
fu

sio
n 

pr
es

su
re

; m
m

Hg
, m

ill
im

et
re

 o
f m

er
cu

ry
 

in
di

ca
te

s t
he

 m
an

om
et

ric
 u

ni
t o

f p
re

ss
ur

e.
Da

ta
 a

re
 th

e 
m

ea
n 

± 
SD

 in
 m

m
Hg

.
+,

 si
gn

 in
di

ca
te

s a
n 

in
cr

ea
se

 in
 m

m
Hg

; -
, s

ig
n 

in
di

ca
te

s a
 d

ec
re

as
e 

in
 m

m
Hg

.

African

80

90

100

110

120

SO
PP

 (m
m

H
g)

130

Mixed-race

Ethnicity

Indian White

RIGHT_SOPP_SUPINE_AM OPP (mmHg)

RIGHT_SOPP_SEATED_AM OPP (mmHg)

RIGHT_SOPP_SUPINE_PM (mmHg)

RIGHT_SOPP_SEATED_PM (mmHg)

FIGURE 1: Box plot for systolic ocular perfusion pressure and different ethnicities 
in the seated and supine position in the morning and afternoon.
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As shown in Table 3 and Figure 3, the morning DOPP 
measurements in the supine position for the Indian sample 
when compared to the white sample were statistically 
significant. The white sample in comparison had a 
lower OPP.

Discussion
To some extent, the effects of diurnal and postural variations 
on the measurements of IOP and BP in African, white, mixed-
race and Indian ethnicities were evaluated.5,12 But BP and IOP 
measurements that have been investigated conventionally in 
the seated position at a single time interval are not sufficient 
because of the diurnal and postural changes that may occur.

The analysis of postural changes for the whole sample group 
revealed a statistically significant decrease in the MOPP, 
SOPP and DOPP from the seated to supine position in both 
morning and afternoon measurements as shown in Table 2. 
The decrease in the OPP in the supine position can be 
attributed to an increase in the IOP when supine as a result of 
an increase in the episcleral venous pressure.5 It may also be 
attributed to a reduction in BP which occurs when supine as 
a result of a drop in cardiac output.12 In comparison to the 
postural analysis, the diurnal analysis of the whole sample 
revealed clinically normal OPP, despite a statistically 
significant diurnal reduction in the morning, as shown in 
Table 1.

The sample displayed overall clinically reduced MOPP in the 
supine position when compared to the Barbados Eye Study.4 
Our findings suggest that a change in posture has a greater 
impact on OPP than diurnal variations as a reduction in the 
MOPP whilst supine would be significant, particularly in at-
risk glaucomatous individuals.

The analysis of postural changes for the sample of Africans 
revealed clinically reduced MOPP and DOPP in the supine 
position in the morning as shown in Table 2. These findings 
are in accordance with the Barbados Eye Study4 whose 
findings indicate that an MOPP of less than or equal to 
40 mmHg and a DOPP of less than or equal to 53 mmHg 
increase the occurrence of POAG. Diurnally, the African 
sample presented with clinically reduced MOPP and DOPP 
in the afternoon with their respective findings also being in 
accordance with the Barbados Eye Study.4 Coupled with the 
postural analysis for this ethnicity, it is evident in this sample 
that OPP is impacted both posturally and diurnally at ages 
younger than 30 years. The eventual increase in the prevalence 
of POAG at ages older than 40 years does reinforce the role of 
perfusion as a risk factor.

The comparative analysis of the sample of Africans to the 
sample of mixed-race people and white people using the 
Wilcoxon signed-rank test revealed significant comparisons, 
as shown in Table 3. The sample of Africans displayed 
clinically reduced seated MOPP, SOPP and DOPP in the 
afternoon when compared to the mixed-race sample, with 
their respective values regarded as clinically low when 
compared to the Barbados Eye Study and the Los Angeles 
Latino Eye Study.4,8 The sample of Africans displayed 
clinically reduced seated SOPP in the afternoon when 
compared to the white sample, with this value regarded as 
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FIGURE 2: Box plot for mean ocular perfusion pressure and different ethnicities 
in the seated and supine position in the morning and afternoon.

TABLE 3: Wilcoxon signed-rank test, comparing different races at a 95% 
confidence interval.
Ethnicity  
comparison

Observation Mean magnitude  
(mmHg)

p

African versus  
mixed-race

SOPP Seated PM 
lower in Africans

SOPP(African) = 97.3 ± 8.4 0.028

African versus  
white

SOPP Seated PM 
lower in Africans

SOPP(African) = 97.3 ± 8.4 0.008

African versus  
mixed-race

DOPP Seated PM 
lower in Africans

DOPP(African) = 52.8 ± 3.5 0.021

African versus  
mixed-race

MOPP Seated PM 
lower in Africans

MOPP(African) = 40.2 ± 2.68 0.012

Indian versus white DOPP Supine AM 
lower in white people

DOPP(Indian) = 58.1 ± 8.8 0.041

SOPP, systolic ocular perfusion pressure; DOPP, diastolic ocular perfusion pressure; MOPP, 
mean ocular perfusion pressure.
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clinically reduced according to the Barbados Eye Study.4 Our 
findings therefore corroborate those of Siesky et al.15 as non-
glaucomatous individuals of an African descent display 
reduced OPP which may be attributed to the overall reduction 
in ocular blood flow. The greatest prevalence of POAG occurs 
in the African population,28 and because our findings suggest 
that young, healthy individuals in the sample of Africans 
display reduced perfusion pressure when supine as well as 
significantly reduced perfusion pressure when compared to 
other young, healthy individuals of different races, this 
questions whether ocular perfusion should be considered as 
a biomarker in the African population as its impact may start 
at a younger age.

The analysis of postural changes for the sample of mixed-
race people or white people, as shown in Table 2, revealed 
clinically reduced MOPP and DOPP in the supine position 
which is in accordance with the Barbados Eye Study.4 
However, diurnal analysis of these two racial samples, as 
shown in Table 1, revealed clinically normal OPP which 
mirrored the findings obtained for the whole sample. This 
concluded that a postural change has a greater clinical impact 
on OPP than diurnal changes. It is important to reiterate that 
all these changes are with regard to young, healthy 
individuals with no ocular disorders; thus, our findings 
suggest that these individuals may be predisposed to reduce 
OPP whilst in the supine position. Comparatively, the mixed-
race sample displayed normal DOPP and SOPP when 
compared to the sample of Africans, as shown in Table 3. 
Thus, our findings suggest that the mixed-race sample 
may display better perfusion when compared to the sample 
of Africans, which is suggestive in accordance with a 
population-based study which concluded that the prevalence 
of POAG was an intermediate between white and African 
samples.29

The sample of Indians presented was the only ethnicity 
which did not display any statistically significant diurnal 
variations, as shown in Table 1. Despite a postural reduction 
in the DOPP whilst supine, as shown in Table 2, the DOPP 
was regarded as clinically normal according to the Los 
Angeles Latino Eye Study,8 Barbados Eye Study4 and 
Baltimore Eye Study.9 A comparative analysis of the Indian 
sample and the white sample, as shown in Table 3, found that 
this sample displayed higher DOPP whilst supine in the 
morning, which indicates that the Indian race group may 
display overall better perfusion, thus decreasing their 
susceptibility to POAG.

Conclusion
Ocular perfusion does undergo both diurnal and postural 
variations in young, healthy individuals. However, our 
findings suggest that a change in posture from seated to supine 
has a greater impact on the reduction of the overall perfusion 
pressure when compared to diurnal changes, as more 
statistically significant and clinically significant findings were 

noted whilst supine. In general, it is important to note that all 
these changes are occurring in a young, healthy, non-clinical 
sample. The sample of Africans displayed a clinically 
significant reduction in OPP whilst supine and in the afternoon. 
Africans may also display lower perfusion pressures in a 
sample younger than 30 years of age when compared to other 
ethnicities. Considering that this ethnicity has an increased 
susceptibility to POAG at an older age and that its impact may 
start at a younger age, our findings explore the role of perfusion 
as a risk factor which questions whether OPP should be 
considered as a biomarker in Africans. An increase in the 
sample size between ethnicities would increase the statistical 
power of future studies in this area. An hourly assessment of 
systemic BP and IOP should also be considered to enhance the 
accuracy of diurnal findings. Recommendations for the future 
studies include an evaluation of OPP as a biomarker in the 
glaucomatous population. Practitioners should also consider 
assessing IOP together with BP in the supine position in 
patients at risk for glaucomatous changes as well as in first 
degree relatives of glaucomatous patients. Supine OPP should 
be considered in at-risk glaucoma suspects.
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