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Abstract
Elevated Intra-ocular Pressure (IOP) is one of the major risk factors for developing glaucoma or
glaucomatous optic neuropathy and its progression. Glaucoma is a common ophthalmic disease in India
and worldwide and it is a significant cause of visual impairment and blindness. Blindness leads not
only to a reduced economical and social status, but it may also result in premature death. Hence, this
work was undertaken to study the relationship between IOP and Blood Pressure (BP), so that the
prediction of ocular hypertension and its consequences could be forecasted by using more common
systemic parameters, i.e., BP.300 apparently healthy subjects who were aged between 21 - 60 years
were examined to find out the relationship between IOP, PULSE PRESSURE AND MAP. The BP was
recorded with the subjects in the supine position. The IOP was recorded by using Schiotz’s tonometer.
The IOP was found to increase with age in both men and women and it was statistically significant. The
systolic BP and the diastolic BP were positively and significantly correlated with the IOP.As a person’s
IOP increases along with his/her BP; the subjects with hypertension should be monitored for ocular
hypertension. Advancing age was positively associated with the IOP. Hence, in older people, screening
needs to be done for high IOP. By symmetry, persons with an elevated IOP suggest that periodic BP
monitoring may be indicated for these patients. Hence, a population based screening for elevated IOP
and its control could reduce the number of people who are at the greatest risk of glaucoma, which is the
second commonest cause for blindness and visual impairment in India and also worldwide.
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Introduction
Human aging is characterized by the progressive constriction of the homeostatic reserve of
every organ system. This decline, which is often defined as homeostenosis, is evident by the
third decade of life and is gradual and progressive [1]. This decreased physiologic reserve in
the eye and the cardiovascular system can be manifested by the changes in the intraocular
pressure (IOP) and the blood pressure (BP) with increasing age respectively. The intra-ocular
pressure (IOP) is maintained by an equilibrium between the aqueous production from the
ciliary body and its drainage via the trabecular complex. The mean IOP varies between 10
and 21 mm Hg (mean 16±2.5) [2]. Any abnormalities in the IOP may result in the dysfunction
of the eye, which in turn may affect the vision. The IOP is affected by various systemic
parameters like age, gender and BP. The IOP tends to increase with the age of a person and a
change in BP is directly associated with a change in the IOP [3, 4]. A medical intervention can
bring the BP back to normal, hence preventing the consequences of hypertension. An
elevated IOP is one of the major risk factors for developing glaucoma or glaucomatous
neuropathy and its progression [5, 6]. Glaucoma is a common ophthalmic disease worldwide
and a significant cause of visual impairment and blindness. It is the second leading cause of
blindness which is responsible for 23% of all the blindness cases [6]. Blindness leads not only
to a reduced economical and social status, but it may also result in premature death [7]. The
World Health Organization has estimated that India has a 1% prevalence of blindness. Of the
estimated 8.9 million blind persons in India, 12.8% of the blind cases are caused by
glaucoma. The problem is expected to reach alarming proportions by the turn of the century
[8]
. The World Population Projection for 2010 and 2020 derived that by 2020, India would
become second in having the maximum number of glaucoma cases, surpassing Europe. From
2010 to 2020, the most detectable change in glaucoma worldwide will be its increase in
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India. As the proportion of those above 40 years of age
increases, the proportional increase in glaucoma will
challenge our resources and ingenuity [9]. If ocular
hypertension or glaucoma are detected early and treated
appropriately, their progression and blindness can be
prevented. Yet, in the physiologic arena, the detailed
variation of the IOP and the BP with reference to different
age groups affecting the visual functioning is still not
available completely. Hence, this work was undertaken to
study the relationship between the IOP and the BP in
different age groups, so that the prediction of ocular
hypertension and its consequences could be forecasted by
using more common systemic parameters, i.e., BP and age.
Material & Methods
The present study was conducted in M.D.M. Hospital
associated with Dr. S. N. Medical College and associated
group of hospitals, Jodhpur. 300 apparently healthy subjects
aged between 21 to 60 years attending Ophthalmology OPD
of M.D.M. Hospital, Jodhpur were examined. All these
subjects were subdivided in four different age groups of 2130, 31-40, 41-50 & 51-60 years. Subjects of all four groups
were subjected to anthropometric measurements like height
and weight. SBP & DBP of all subjects was recorded in
supine position as per standard protocol. IOP was also
recorded by using Schiotz’s tonometer. Data thus obtained
were subjected to statistical analysis for any association
between IOP, age, BP and anthropometric parameters.
Inclusion criteria
1. Subjects above 18 years.
2. Subjects who are newly diagnosed hypertensive and not
on antihypertensive medication.
Exclusion criteria
1. Subjects below 18 years.
2. Subjects who were previously diagnosed as hypertensive
and were taking medications.
3. Subjects who were having closed angle glaucoma and
other causes of glaucoma.
4. Subjects who are blind.
5. Subjects with any ocular surgery.
6. Subjects diagnosed as diabetic.
7. Subjects with any medications.
Selected subjects gave an informed consent after detailed
procedure of the non-invasive technique was explained to
them. Detailed history about name, age, occupation, personal
and past history, habits of the subjects were taken. Family
history of hypertension, diabetes, refractive errors and
glaucoma were enquired. Vital parameter like heart rate was
recorded by placing the diaphragm of the stethoscope on the
mitral area of the precordium for a whole one minute. The
B.P. was then recorded with a mercury sphygmomanometer,
in the right upper limb by both palpatory and auscultatory
method. These were recorded in resting and supine position.
The pulse pressure (PP = SBP – DBP) and the mean arterial
pressure (MAP = DBP + 1/3 PP) were calculated., A detailed
clinical examination of respiratory system, cardiovascular
system and central nervous system was done.
Procedure of recording the IOP
The IOP was recorded by using Schiotz indentation
tonometer. The instrument was calibrated before each use by
placing it on a polished metal sphere and checking to be sure
that the scale reading is ‘zero’. If the reading was not zero it

was readjusted to zero. Subjects were explained the nature of
test and reassured that the procedure was harmless. The
patient was laid in the supine position and asked to look
straight upward on an over head target or a mark on the
ceiling with fixed gaze. They were told to relax & breath
normally and keep eyes wide open without blinking during
the procedure. Cornea was anesthetized with 2 – 3 drops of
4% topical Lignocaine. The tonometer tip and footplate
were wiped carefully with an alcohol swab and allowed to air
dry. Subject’s eye lids were retracted gently with left hand
without placing tension on the globe. The footplate of the
tonometer was placed directly over the cornea by holding the
handle of the tonometer with right hand. The handle of the
tonometer was lowered to a position midway between the top
and the footplate of the cylinder; thereby the instrument will
act independently by its own weight. The reading on the
scale was recorded as soon as the needle became steady. The
scale of the Schiotz Indentation tonometer is calibrated in
such a fashion that each scale unit represents 0.05 mm
protrusion of the plunger. The recording of the IOP was
started with 5.5 g weight however if the scale reading was
less than three, additional weight was added to the plunger to
make it 7.5 g or 10 g as indicated. The IOP measurement was
repeated until three consecutive readings agreed within 0.5
scale units. The average scale reading and the plunger weight
were then converted into IOP in mmHg by using a
conversion chart, Friedenwald Nomogram. After each use,
the tonometer plunger and footplate were rinsed with water
followed by alcohol, and then wiped dry with lint – free
material. After the procedure, a prophylactic antibiotic,
Ciprofloxacin eye drops were instilled in both the eyes to
prevent infections.
Results
The ages of the subjects ranged between 21 to 60 years. The
distributions of the subjects in the different age groups are
shown in [Table-1]. The mean IOP in men and women in the
different age groups is shown in [Table-2]. The IOP
increased with the age in both men and women. After
controlling the pulse pressure, the age was found to be
positively related to the IOP. As the age increased, the IOP
of the subject also increased [Table-3], [Table-4].
Table 1: Age and Sex Wise Distribution
Age groups
(in yrs)
21-30
31-40
41-50
51-60
Total

Sex
Female
23
35
35
47
140

Male
31
39
42
48
160

Total
54
74
77
95
300

%
18.00
24.66
25.67
31.67
100

Table 2: Variation of Iop with Sex and Age
Sex

Male

Female
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Age
(in yrs)

No. of
Subjects

21-30
31-40
41-50
51-60
21-30
31-40
41-50
51-60

31
39
42
48
23
35
35
47

Intraocular Pressure
(mmHg)
Mean
S.D.
14.83
± 2.31
15.67
± 2.03
15.86
± 2.24
16.35
± 2.01
14.47
± 1.34
15.45
± 2.2
15.6
± 1.9
16.53
± 2.27
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Table 3: Variation of Iop with Pulse Pressure
Intraocular Pressure
Pulse Pressure
No. of
(mmHg)
(mmHg)
Subjects
Mean
S.D.
31-40
80
14.89
± 2.13
41-50
159
15.93
± 2.23
51-60
61
16.32
± 1.64
PP, t= 90.150, p-value= < 0.0001 Extremely Significant (Unpaired
t-test)
Table 4: Variation of Iop with Mean Arterial Pressure
Intraocular Pressure (mmHg)
MAP
No. of
(mmHg)
Subjects
Mean
S.D.
71-80
9
14.11
± 1.36
81-90
54
14.48
± 2.16
91-100
60
15.26
± 2.06
101-110
92
16.26
± 1.92
111-120
85
16.44
± 2.04
MAP, t= 131.44, p-value= < 0.0001 Extremely Significant
(Unpaired t-test)

The relationship between the age, pulse pressure, the mean
arterial pressure and the IOP and this relationship were
statistically significant (P < 0.05)
Statistical analysis
Results were presented as Mean ± SD and range values.
Student’s t test was used for comparing means of two groups.
P – value of 0.05 or less was considered for statistical
significance.
Discussion
Glaucoma is the commonest cause of irreversible blindness
worldwide and the second most common cause of blindness
overall, after cataract. It affects approximately 70 million
people and among them, 7 million are blind [10]. Glaucoma or
glaucomatous optic neuropathy is characterized by a chronic,
slowly progressive loss of the retinal ganglion cells and their
neurons. An elevated IOP is one of the major risk factors for
developing glaucomatous optic neuropathy [11]. Open angle
glaucoma is a leading cause of visual impairment and
blindness [12, 13]. Ocular hypertension is a predisposing factor
for open angle glaucoma or glaucomatous optic neuropathy.
The knowledge of their cause, their natural history and the
risk factors of these disorders is incomplete. The IOP is
widely regarded as the most important modifiable risk factor
which is associated with the development of glaucomatous
optic neuropathy [14-18]. Therefore, the factors that influence
the IOP and its measurement are of great relevance in
understanding the pathogenesis of the disease and in
reducing the burden of blindness. The correlates of this
measurement include other physiologic parameters that may
be needed to be considered in investigating the determinants
of the IOP. We briefly investigated and described the
relationship between age, BP, gender and IOP. In the present
study, the IOP correlated positively with age in both men and
women. The increase in the IOP with age was statistically
significant. Old age has been reported as a risk factor for the
development of glaucoma in patients with ocular
hypertension, in multiple progression studies [16, 18]. Several
population based studies have found that the incidence of
open angle glaucoma increased with the older age groups [18]
In a study, there was a strong evidence that old age was an
independent risk factor for the progression of ocular
hypertension and glaucoma [18]. In elderly individuals, the

onset of the structural changes in the trabecular meshwork
results in a reduction in the trabecular outflow facility and
the uveoscleral outflow and hence an elevated IOP in the
older age group [19-21]. Aging is associated with a modest
elevation of the IOP and it is also linked to a progressive
decline in the cerebral and the ocular perfusion [22]. Older
patients with glaucoma may have dysfunction of the ocular
blood flow auto regulation [22]. Other possible risk factors for
the development of ocular hypertension or glaucoma in old
age are: local vasospasm, sleep apnoea, abnormalities of the
connective tissue of the lamina cribrosa, primary ganglion
cell degeneration, systemic hypertension and atherosclerosis
[22, 23]
. An increased age may reflect the cumulative effects of
some other factors that cause the aging optic nerve head to be
more vulnerable to the elevated IOP and even sometimes to
the normal range of the IOP [15]. The findings from our study
indicated that systolic BP, diastolic BP, PP and MAP were
positively independently correlated to the IOP and that the
correlations were statistically significant. Some studies have
found that a change in the IOP was directly and significantly
associated with a change in the BP [14, 15, 24-28]. A positive
association between the systolic BP and a raised IOP has
constantly been shown in both cross sectional and
longitudinal studies [24, 29-32]. Some studies have shown that
the diastolic BP was positively associated with a raised IOP
[4, 33, 34]
. The IOP may have been increased in patients with an
increased BP due to an increased retinal blood volume after a
rise in the central retinal vein pressure because of an
increased pressure in the adjacent central retinal artery [34]; an
increased blood volume in the ciliary body and a decreased
facility of the aqueous outflow, owing to an increase in the
resistance in the episcleral and the anterior ciliary veins [34];
an increased ultrafiltration of the aqueous fluid in the ciliary
body, owing to the increased perfusion pressure in the ciliary
arteries; [4,19,33-36] obstruction to the aqueous drainage at the
anterior chamber angle due to the increasing episcleral
venous pressure [3, 4, 34]. The IOP rises and falls by 1 mmHg
with every heart beat; during systole, the central retinal
artery compress the accompanying vein to increase the
vascular resistance in this vessel [34]. Follow-up studies
which were done for five years have shown that the
cumulative probability of untreated patients developing
glaucoma was calculated to be greater than twice the rate of
that in the treated patients [16]. The findings from this study
indicate that the IOP increased with age in both men and
women and that it was statistically significant. The Pulse
pressure and Mean arterial pressure were positively and
significantly correlated with the IOP.
Conclusion
It can be concluded that persons with hypertension and
advancing age need to be monitored for high IOP. By
symmetry, in persons with an elevated IOP, periodic PP
(PULSE PRESSURE) monitoring may be indicated. Hence,
a population based screening for an elevated IOP and its
control could reduce the number of people who are at the
greatest risk of glaucoma, which is the second commonest
cause for blindness and visual impairment in India and also
worldwide.
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