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Abstract

Increased blood pressure (BP) and raised intraocu-
lar pressure (IOP) are probably both common oc-
currences among the South African population. 
If left untreated both conditions have detrimental 
complications. Previous cross-sectional studies 
suggested BP was positively related to IOP. This 
study therefore sets out to determine in a young 
South African adult population the correlation 
between systemic BP and IOP.  Systemic BP was 
measured using an electronic sphygmomanometer 
and IOP using a Goldman applanation tonometer. 
For all subjects, two averages were obtained from 
three measurements each of BP and IOP. Other 
clinical procedures such as uncompensated visual 
acuity (VA), pinhole and direct ophthalmoscopy 
were done to exclude underlying factors possibly 
affecting either BP or IOP before the commence-

ment of the investigation. Two hundred (N = 200) 
subjects were included in the study and their ages 
ranged from 18 to 30 years with a mean of 21 ± 
3.9 years. The correlation coefficients between av-
erage IOP and average systolic or diastolic BP re-
spectively were 0.67 and 0.55. These weak positive 
correlations suggested that with an increase in BP 
there is a corresponding increase in IOP. Also, sim-
ilar correlation between IOP and BP was found to 
exist amongst both males and females with systolic 
BP having a greater effect. This study validates the 
importance of evaluating either systemic BP or IOP 
amongst all patients seen by primary eye-care prac-
titioners, and that such evaluations should form part 
of daily routine patient examination.
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Introduction

An abnormally high blood pressure (BP) is a ma-
jor cause of morbidity and mortality in the Western 
countries1 including South Africa2, and is one of the 
most common clinical conditions requiring long term 
medical care3.  Hypertension is characterized by a 
persistent systolic BP of more than 140 mmHg and 
a diastolic BP of more than 90 mmHg.4 Increased BP 
can result in symptoms such as dizziness, headaches 
as well as more serious complications such as coro-
nary artery disease, heart failure or even death5. 

Hypertension is also associated with ocular com-
plications such as optic neuropathy and hypertensive 
retinopathy which is one of the leading causes of 
blindness in developing countries6. Similarly, an ab-
normally increased intraocular pressure (IOP), which 
is known to be a glaucoma risk factor7, 8, causes per-
manent damage to the optic nerve leading to vision 
impairment3. Glaucoma affects more than 66 million 
people worldwide and as a result at least 6.8 million 
individuals have bilateral blindness3.  Therefore, both 
high BP and IOP should be given adequate attention 
by primary eye-care practitioners including optom-
etrists. This suggests the need for optometrists and 
other eye-care practitioners to routinely measure BP 
and IOP on their patients.

Several cross-sectional studies of Western popula-
tions have shown a positive relationship between sys-
temic BP and IOP3, 9, 10. McLeod et al.11 found that 
change in IOP was positively correlated with change 
in systolic BP.  Similarly, Leshe and Podgor12 found a 
significant positive correlation between IOP and BP.  
In people aged between 43-86 years, living in Bea-
ver Dam, Wisconsin (USA), a longitudinal study13 
of systemic BP, IOP, and history of use of some BP 
medications revealed that intraocular pressures were 
significantly correlated with systolic and diastolic 
blood pressures at both baseline and follow up. Al-
though McLeod et al.11 found no consistent relation-
ship between IOP and BP initially in their study, when 
an autoregressive model was used to examine the re-
lationship between change in BP and IOP after one or 
two years, a change in IOP was positively correlated 
to change in systolic BP.  The results indicated that 
changes in IOP over time are associated with changes 
in systolic BP.  

The aim of this cross-sectional study was therefore 
to investigate in a young South African adult popula-
tion the relationship between systemic blood pressure 
and intraocular pressure.

Methods

This was a cross-sectional study based on a the-
oretical framework where convenience sampling 
method was employed. Ethical approval was ob-
tained from the University of KwaZulu-Natal Ethics 
Committee before the commencement of the study. 
All subjects were University of KwaZulu-Natal stu-
dents. They were all briefly informed about the nature 
and purpose of the study.  Those who agreed to par-
ticipate were given the University of KwaZulu-Natal 
consent form for completion before the commence-
ment of the study.  All those requested to participate 
in the study completed the form, therefore, nobody 
was excluded from the study as a result of refusal to 
complete the form. A short case history was taken for 
each subject and subsequently ophthalmic tests such 
as uncompensated visual acuity (VA), pinhole test, 
and direct ophthalmoscopy were used to assess their 
oculo-visual status. This process was done to exclude 
subjects with underlying factors possibly affecting BP 
and IOP. If no underlying factors were found, subjects 
were subsequently subjected to sphygmomanometry 
and contact tonometry for BP and IOP measurements. 
Three measurements were done for each test and the 
average value was then used in the study.

Descriptive statistics were used to analyse the 
results using the Statistical Package for Social Sci-
ences (SPSS) computer programme. A one-sample 
Kolmogorov-Smirnov test was done to ensure that 
the data was normally distributed and relationships 
between BP and IOP were determined using Pearson 
correlation coefficients. 

Results

A total of 200 University of KwaZulu-Natal stu-
dents were included in the study with males and fe-
males being equally distributed. All race groups were 
included and their ethnic distribution is shown in Fig-
ure 1. 
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Their ages ranged from 18 to 30 years with a mean of 21 ± 3.9 years. The most common age group, which 
was 19 to 22 years accounted for 90% of the 200 participants. Only a few were 25 years or older. The distribu-
tion of the ages of the participants is shown in Figure 2.

Figure 2: The age distribution of the subjects included in the study.

A one-sample Kolmogorov-Smirnov Test (a non-parametric test) was done for average values of IOP, 
systolic BP and diastolic BP and it was found that data was normally distributed (p > 0.05).   

The Pearson correlation coefficient for average IOP and systemic BP was 0.67 with a probability value 
of   < 0.05. With an increase in average systolic BP there is an increase in the average IOP. The relationship 
between average IOP and average systolic BP is shown in Figure 3.

Figure 1: Showing the race distribution of the subjects. The majority (61%) of the subjects were Indians.
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Figure 3: Showing the relationship between average IOP and 
average systolic BP.

For average IOP and average diastolic BP Pear-
son correlation reveals a probability value of < 0.05. 
With an increase in average diastolic BP there is an 
increase in the average IOP, with a correlation coef-
ficient of 0.55. The relationship between average IOP 
and average diastolic BP is shown in Figure 4.

Figure 4: Relationship between average IOP and average di-
astolic BP.

The Pearson correlation coefficient was 0.68 with a 
probability value of < 0.05 for average IOP and aver-
age systolic BP in males. With an increase in average 
systolic BP there is an increase in the average IOP. 
The relationship between average IOP and average 
systolic BP in males is shown in Figure 5.

 

Figure 5: Relationship between average IOP and average systo-
lic BP in males.

The Pearson correlation coefficient was 0.56 with 
a probability value of < 0.05 for average IOP and av-
erage diastolic BP in males. The relationship between 
average IOP and average diastolic BP in males is 
shown in Figure 6.

Figure 6: Relationship between average IOP and average di-
astolic BP in males.

The Pearson correlation coefficient was 0.58 with 
a probability value of < 0.05 for average IOP and av-
erage systolic BP in females. With an increase in av-
erage systolic BP there is an increase in the average 
IOP. The relationship between average IOP and aver-
age systolic BP in females is shown in Figure 7.

Figure 7: Relationship between average IOP and average systo-
lic BP in females.

The Pearson correlation coefficient was 0.59 with 
a probability value of < 0.05 for average IOP and av-
erage diastolic BP in females. With an increase in av-
erage diastolic BP there is an increase in the average 
IOP. The relationship between average IOP and aver-
age diastolic BP in females is shown in Figure 8.
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Figure 8: Relationship between average IOP and average diasto-
lic BP in females.

Discussion

Increased BP and IOP may have adverse effects 
if left unattended. This suggests the need for patients 
to be always examined for any BP or IOP changes 
whenever they visit primary eye-care professionals. 
This study was therefore carried out to investigate 
possible relationships between systemic BP and IOP 
in a young South African adult population.

The sample mostly included Indians (61%). This 
could be associated with that mostly Indians have en-
rolled at the University of KwaZulu-Natal. It will be 
interesting to see how this demography changes in the 
future since the university has enacted policies that 
seek to encourage other race groups to enroll with the 
University.

Most of the subjects were aged between 19 and 
20 years and a one-sample Kolmogorov-Smirnov test 
revealed normal distribution of data (p > 0.05). Pear-
son correlation coefficients (a parametric test) were 
used to determine correlations between average IOP, 
average systolic BP and average diastolic BP. A sig-
nificant correlation was found between average IOP 
and average systolic BP (r = 0.67, p < 0.05). 

Figure 3 showed that an increase in average systo-
lic BP resulted in an increase in the average IOP, 
with a correlation coefficient of 0.6. Figure 4 repre-
sents the relationship between average IOP and aver-
age diastolic BP. A significant correlation was found 
(r =0.55,  p < 0.05), and with an increase in average 
diastolic BP there is an increase in the average IOP, 
with a correlation coefficient of 0.5. The results are 
corroborated by findings in other studies3, 11, 12. These 
findings also showed a positive correlation between 
IOP and BP. This reveals the importance of always 

taking into cognizance the importance of evaluating 
either the IOP or BP amongst patients. The findings 
also highlight the significance of why primary eye 
care practitioners such as optometrists should incor-
porate measurements of IOP and BP into their routine 
patient examinations.

In other different studies14-16, it was also found that 
the systolic BP has a greater effect on the IOP than the 
diastolic BP. Therefore, this finding agrees with the 
findings in this study that reveals a higher correlation 
coefficient for systolic and intraocular pressure. This 
higher coefficient between the systolic BP and IOP is 
possibly due to the systolic BP being the maximum 
arterial pressure exerted by the heart during contrac-
tion of the left ventricle4. Generally, an increase in the 
systolic BP will result in an increase in the blood flow 
to the ciliary body in the eye, which is responsible for 
the production of aqueous. This increased blood sup-
ply will bring about an increase in aqueous produc-
tion, resulting in an increase in IOP4. The increased 
IOP will also have an effect on the drainage of the 
aqueous humour via the episcleral veins by affecting 
the pressure gradient between the aqueous in the an-
terior chamber and in the episcleral veins4. 

A correlation coefficient of 0.7 or greater is usu-
ally considered to be a strong correlation. This indi-
cates that although there were positive relationships 
between IOP and systolic BP, IOP and diastolic BP, 
they were not particularly strong correlations.  

The correlation between IOP and BP was also con-
firmed between both males and females with prob-
ability values of less than 0.05 being found for the 
correlations between IOP and systolic BP as well as 
for IOP and diastolic BP. See Figures 5 and 6, where 
in males, the correlation coefficients for systolic and 
diastolic BP with IOP were 0.68 and 0.56 respective-
ly. Similarly, amongst females, Figures 7 and 8 also 
show the positive correlation for both systolic and di-
astolic BP with IOP. The correlation coefficients in 
females for systolic (0.58) and diastolic (0.59) with 
IOP also show that an increase in systolic or diastolic 
BP results in an increase in IOP. This therefore further 
substantiates the existence of the correlation between 
BP and IOP and the reason why their measurements 
should be of paramount importance among primary 
eye care practitioners such as optometrists. This prac-
tice would assist in early detection of any possible 
ocular manifestations of both increased BP and IOP, 
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thus preventing some cases of avoidable blindness.
The correlation coefficient with regard to systolic 

BP and IOP were higher in males as compared to fe-
males (0.68 in males and 0.59 in females). This study 
suggests the IOP in males is thus more likely to be 
positively affected by the systolic BP than in females. 
The diastolic BP correlation with IOP on the other 
hand was slightly higher in females when compared 
to the diastolic in males (0.59 in females compared to 
0.56 in males). Thus diastolic pressure possibly has 
a greater effect on IOP in females when compared 
to males. This variation between males and females 
could be due to various factors such as hormonal in-
fluences, physical attributes and general lifestyle dif-
ferences.

Conclusion and Recommendations

The study reveals that the relationship between 
IOP and BP established by previous studies holds in 
a young South African population. This correlation 
therefore validates the monitoring of patients present-
ing with either increased systemic BP or IOP and pro-
vides adequate information relating to the importance 
of evaluating both BP and IOP by primary eye health 
care practitioners such as optometrists.

It is recommended that future studies should in-
clude subjects older than 40 years (since there is 
greater prevalence of hypertension within this age 
group) as well as pediatric studies, to investigate if 
this correlation also exists in children. Also, people of 
different races may have different diets and lifestyle, 
therefore further studies on lifestyle factors such as 
caffeine intake, smoking, or exercise should be con-
ducted to determine their effect on this correlation. 
Subjects with systemic and ocular pathology should 
also be included, to verify if the relationship holds. 
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