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Abstract: Introduction: Blood pressure is one of the most important and most widely studied factors affecting the IOP.
Another important factor that plays an important role in pathogenesis of glaucoma is cerebrospinal fluid pressure. The present
study was planned to study the relationship between intraocular pressure, mean arterial pressure and estimated Cerebrospinal
fluid pressure in non-neurological patients. Material and Method: The present study was conducted in the Department of
Ophthalmology. The study was carried out as a case-control study for 18 months. The patients above 40 years of age
irrespective of sex were included in the study after their informed consent. Total of 250 patients were taken out of which 150
were cases with signs of glaucoma and 100 were controls with no signs of glaucoma. Result: 250 subjects enrolled in the study,
a total of 150 (60%) were clinically established cases of glaucoma (with IOP >22mmHg) and comprised the case group of
study whereas remaining 100 were apparently healthy subjects with no signs and symptoms of glaucoma and had IOP <22
mmHg and comprised the control group of the study. Mean ICP values of subjects with IOP 31-40 mm Hg were significantly
higher as compared to those with IOP 23-30 mm Hg and ≤22 mmHg respectively (p=0.002). Mean Arterial Pressure (MAP)
showed a significant near mild positive correlation with IOP (r=0.288; p<0.001) and a moderate positive correlation with ICP
(r=0.520; p<0.001). However, the correlation between IOP and ICP was weak positive but significant (p=0.010). The
relationship between gender and mean MAP and IOP and ICP was evaluated, and the values of all of them were higher in
males as compared to females, but the difference was significant only for mean IOP and ICP (p=0.180 and p<0.001
respectively). Conclusion: The findings in present study thus indicate that the relationship between IOP, ICP and MAP is
governed by a multitude of factors (in present study these covariates were age, gender and BMI). The present study was unique
in the sense that it was probably the first Indian study exploring relationship between IOP, MAP and ICP, and that too in
healthy individuals.
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1. Introduction
The relationship between intraocular pressure and
glaucoma is widely established, so much so that increased
intraocular pressure has been included as a major risk factor
and sometimes one of the essential components in diagnosis
of glaucoma [1, 2, 3]. Permanent loss of vision in glaucoma
occurs due to the damage to the optic nerve, contributed by
the increased intraocular pressure.
The IOP is the resultant of the pressures, or volumes, of

aqueous humor, vitreous body, and blood vessels within the
globe [4]. The anatomical and pathological causes that
influence the intraocular pressure include intraglobal changes
viz. aqueous humor volume, blood volume, foreign bodies,
tumors, hemorrhage, vitreous humor volume and scleral
rigidity and extraglobal changes, viz., anesthetic regional
blocks, extraocular compression devices, extraocular muscle
tone, sclera strapping, retrobulbar or peribulbar hematoma,
abscess or tumor, face mask or prone position [5] some other
factors such as smoking [6], older age [7], gender [6, 7],
blood pressure [6, 7, 8], family history of glaucoma [6, 7],
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pulse rate [6, 7], diabetes (elevated glycosylated hemoglobin)
[6, 7], myopia [9], alcohol usage [6], race (African) [8],
nuclear sclerosis [7, 9], body mass index (BMI) [6, 7, 8] and
iris color [9] also affect the intraocular pressure.
Among these factors, blood pressure is one of the most
important and most widely studied factors affecting the IOP.
Intraocular pressure (IOP) has been found to be associated
with systemic blood pressure levels in population based
studies [7, 10-20].
Studies in the past have shown that apart from IOP, which
is considered to be a major risk factor for glaucoma, another
important factor that plays an important role in pathogenesis
of glaucoma is cerebrospinal fluid pressure.
Some recent studies have suggested a physiologic
correlation between cerebrospinal fluid pressure (CSFP),
systemic blood pressure and intraocular pressure (IOP) [2124]. Thus, there is interplay of systemic blood pressure,
intraocular pressure and cerebrospinal fluid pressure in
affecting each other as well as resulting in the development
of glaucoma.
The existence of relationship between intraocular pressure,
systemic blood pressure and CSF pressure could not be
examined for a long period owing to the fact that exact
measurement of CSF pressure is possible only through
lumbar puncture using invasive techniques. Owing to this
limitation, the initial work on exploring this relationship was
limited among neurological patients requiring lumbar
puncture for various diagnostic/therapeutic purposes but
there were limited or almost no studies exploring this
relationship amongst the individuals without neurological
diseases. However, in the recent years, some mathematical
models have been prepared that help in assessing CSF
pressure without requiring an invasive measurement [24].
This advancement has helped in providing a basis for
evaluation of this relationship in individuals without
neurological disorder too.
Hence, the present study was planned to study the
relationship between intraocular pressure, mean arterial
pressure and estimated Cerebrospinal fluid pressure in nonneurological patients.

2. Material and Method
The present study was conducted in the Department of
Ophthalmology at Era’s Lucknow Medical College and
Hospital, Lucknow. The study was carried out as a casecontrol study for 18 months.
The patients above 40 years of age irrespective of sex were
included in the study after their informed consent. Total of
250 patients were taken out of which 150 were cases with
signs of glaucoma and 100 were controls with no signs of
glaucoma. The sample size was calculated at 95% confidence
and 80% power.
Any patient with history of intraocular surgeries, ocular
disease, any intracranial or spinal cord disease, intake of
drugs like mannitol, carbonic anhydrase inhibitors, βblockers or history of alcohol intake which can directly or
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indirectly influence IOP or CSF pressure were excluded from
the study.
In all the included subjects’ demographic details and
medical history was noted. A detailed history about the
ocular symptoms, if any and various factors which can
influence IOP were recorded on a preset proforma. A detailed
history of signs and symptoms of Open angle glaucoma,
family history of glaucoma and history of any medicine
intake that influences intraocular pressure and intracranial
pressure was taken.
All the patients were subjected to a thorough systemic and
local examination. Hemodynamic parameters were noted
(pulse rate, DBP, SBP, MAP). Height and weight of patients
was measured to calculate body mass index (BMI).
Thorough ocular evaluation was done on all selected
patients both clinically as well as with the help of diagnostic
instruments. Visual acuity was tested using Snellen’s charts;
anterior segment evaluation was done using diffuse torch
light and slit lamp examination. Direct ophthalmoscope was
used to carry out fundus examination. Indirect
ophthalmoscopy was also performed to visualize the fundus
up to periphery. For good depth perception examination
under +90D lens was performed.
Goldmann applanation tonometer was done to measure the
IOP.
As the assessment was done in normal healthy patients
having no neurological disorder hence invasive technique
(lumbar puncture) to measure CSF pressure was ruled out
owing to ethical considerations. Hence a non-invasive
calculation method was used as described by Wang et al. [25]
CSF pressure [mm Hg] = 0.44 Body Mass Index [kg/m²] +
0.16 diastolic blood pressure [mm Hg] -0.18x Age [years].
The data has been represented as frequencies and
percentages. Data was analyzed using Statistical Package for
Social Sciences, version 15.0. To seek the association
between different variables, Chi-square test, independent
samples ‘t’-test and ANOVA were used to find out
significant associations. Pearson correlation coefficient was
calculated to measure the extent of correlation. The
confidence level of the study was kept at 95%, hence a "p"
value less than 0.05 indicated a statistically significant
association.

3. Result
Out of 250 subjects enrolled in the study, a total of 150
(60%) were clinically established cases of glaucoma (with
IOP >22mmHg) and comprised the case group of study
whereas remaining 100 were apparently healthy subjects with
no signs and symptoms of glaucoma and had IOP <22 mmHg
and comprised the control group of the study.
Age of subjects in the study ranged from 42 to 69 years.
Mean age of cases and controls was 52.03±6.58 and
51.84±6.17 years respectively. Maximum numbers of
patients in both the groups were aged 41-50 years.
Statistically, the age of both the groups was matched.
Majority of subjects were males (72.4%). There were 42
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(28.67%) females in case group and 26 (26%) females in
control group. Statistically, this difference was not
significant.
Proportion of overweight subjects was 68.67% in cases
and 77% in controls. However, the difference between two
groups was not significant statistically.
Mean systemic blood pressure indicators i.e. (SBP, DBP
and MAP) were 127.60 and 128.44, 80.04 and 80.28, 95.97

and 96.44 respectively in cases and controls and thus
showing no significant difference between the two groups.
Overall IOP ranged from 17.3 to 37.8 mmHg. All the
controls had IOP≤22 mmHg. In cases IOP values ranged
from 22.4 to 37.8 mmHg.
Mean IOP was 27.07±4.30 mmHg in cases as compared to
19.10±1.36 mmHg in controls.

Table 1. Association between IOP and MAP.
Group
Subjects with MAP<90 mmHg
Subjects with MAP >90mmHg
‘t’
‘p’

Statistical significance

Overall
N
Mean IOP
43
22.43
207
24.16
2.00
0.046

SD
3.58
5.43

Cases
N
26
124
2.69
0.008

Mean IOP
25.02
27.47

SD
1.54
4.57

Controls
N
Mean IOP
17
18.46
83
19.23
2.17
0.032

SD
1.52
1.30

OR = 1.02; (CI 95%: 0.523-2.004)
Table 2. Association between MAP and ICP.
Group
Subjects with MAP<90 mmHg
Subjects with MAP >90mmHg
Statistical significance

‘t’
‘p’

Overall
N
Mean ICP
43
13.66
207
14.79
4.035
<0.001

SD
0.92
1.78

Cases
N
Mean ICP
26
13.56
124
14.88
3.561
<0.001

SD
0.93
1.84

Controls
N
Mean ICP
17
13.82
83
14.65
1.969
0.052

SD
0.92
1.69

In both the cases as well as controls independently and also on overall assessment mean IOP, and mean ICP values were higher among subjects with
MAP >90mmHg as compared to those having MAP <90mmHg. But the odds of MAP >90mmHg were to using (OR=1.02) thus no significant difference was
seen between the two groups.
Table 3. Association between IOP and ICP.
IOP Range
≤ 22 mm Hg
23-30 mm Hg
31-40 mm Hg

Mean ICP
N
100
119
31

Mean
14.51
14.41
15.59

SD
1.61
1.86
1.04

F=6.338; p=0.002
On looking for association between IOP and ICP, we found that mean ICP values of subjects with IOP 31-40 mm Hg were significantly higher as compared to
those with IOP 23-30 mm Hg and ≤22 mmHg respectively (p=0.002).
Table 4. Bivariate Correlation between IOP, MAP and ICP.
SN
1.
2.
3.

Correlation factors
IOP vs MAP
IOP vs ICP
MAP vs ICP

‘r’
0.288
0.163
0.520

‘p’
<0.001
0.010
<0.001

MAP showed a significant near mild positive correlation with IOP (r=0.288; p<0.001) and a moderate positive correlation with ICP (r=0.520; p<0.001).
However, the correlation between IOP and ICP was weak positive but significant (p=0.010).
Table 5. Multivariate regression analysis for IOP as a dependent variable on independent variables ICP and MAP.
Variable
(Constant)
CSF Pressure
MAP

Unstandardized Coefficients
B
Std. Error
3.255
4.380
.053
.216
.206
.053

Standardized Coefficients
Beta
.017
.279

t

Sig.

.743
.245
3.909

0.458
0.807
<0.001

r2=0.289

In a multivariate model where IOP was placed as the dependent variable on independent variables CSF pressure and MAP,
only MAP was found to be significantly associated with IOP while the CSF pressure did not show a significant association
with IOP. The r2 value was 0.289 which indicated that variances in MAP and IOP can explain variances in ICP to the extent of
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nearly 28.9%.
ASSOCIATION OF DIFFERENT STUDY VARIABLES WITH DEMOGRAPHIC VARIABLES
Table 6. Association of MAP, IOP and ICP with different demographic and anthropometric variables.
N

Mean MAP
Mean

SD

IOP
Mean

SD

ICP
Mean

SD

Age
41-50 Years
51-60 Years
61-70 Years

120
99
31

92.79
100.62
94.92
F=46.77; p<0.001

6.08
6.62
2.75

22.47
3.21
25.55
6.73
23.87
4.27
F=10.286; p<0.001

14.98
14.75
12.59
F=30.42; p<0.001

Gender
Female
Male

69
181

95.19
96.53
F=1.807; p=0.180

2.81
8.06

22.66
24.32
F=5.185; p=0.024

3.15
5.73

13.82
3.15
24.32
5.73
F=21.048; p<0.001

BMI
Normal weight
Overweight

70
180

94.08
96.96
F=8.733; p=0.003

3.56
7.84

23.42
24.04
F=0.697; p=0.405

3.65
5.69

13.03
1.48
15.20
1.39
F=118.90; p<0.001

Mean MAP levels and mean IOP were maximum among
those aged 51-60 years and minimum among those aged 4150 years. Statistically, a significant association was observed
between age and mean MAP levels (p<0.001) and also
between age and mean IOP levels (p<0.001) while mean ICP
levels showed a significant decline with increasing age.
The demographic and anthropometric associations despite
showing a similar trend indicated the multivariability of ICP
and hence we proposed a new multivariate model in which
ICP was considered as dependent on MAP, IOP, Age, BMI

1.66
1.39
1.56

and Gender (M=1, F=2).
On looking for relationship between gender and mean
MAP and IOP and ICP, it was found that the values of all of
them were higher in males as compared to females but the
difference was significant only for mean IOP and ICP
(p=0.180 and p<0.001 respectively).
Mean of MAP, IOP and ICP were all higher in obese
patients as compared to normal patients with p values of
0.003, p=0.405, p<0.001 respectively.

Table 7. Expanded Multivariate Model with ICP as a dependent variable on independent variables MAP, IOP, Gender, Age and BMI.
Variable
(Constant)
MAP
IOP
Gender [M=1; F=2)
Age
BMI

Unstandardized Coefficients
B
Std. Error
2.617
1.237
.150
.010
.016
.012
-.530
.144
-.149
.011
.215
.039

Standardized Coefficients
Beta
.616
.050
-.138
-.555
.231

t

Sig.

2.115
14.832
1.365
-3.669
-14.026
5.519

0.035
<0.001
0.173
<0.001
<0.001
<0.001

R2=0.844

In the expanded model where ICP was a dependent
variable on independent variables MAP, IOP, Gender, Age
and BMI, all the independent variables except IOP showed a
significant association with ICP. The r2 value was 0.844, thus
showing that variances in independent variables were able to
explain variances in dependent variable to the extent of
84.4%. Thus, showing that the expanded model had a better
applicability as compared to the brief multivariate model
(with IOP and MAP as independent variables) tested earlier.

4. Discussion
Measurement of systemic blood pressure and intraocular
pressure can be performed using non-invasive technologies
yet same is not possible for measurement of
intracranial/cerebrovascular pressure. Keeping in view the
relationship of systemic blood pressure with the organ
specific pressure gradients in general and that of intraocular

pressure in particular, it might be possible that a
mathematical predictive model for estimation of
CSF/intracranial pressure could be developed. In present
study, we were trying to articulate one such model for
projection of CSF/intracranial pressure with the help of
intraocular pressure and systemic blood pressure.
Selection of non-neurological patients was done purposely
as measurement of CSF pressure among these patients was
really challenging. For study, a non-invasive CSF pressure
calculation technique was used as proposed by Wong et al.
[25].
The study was thus targeted towards establishing a
relationship between intraocular pressure, systemic blood
pressure and CSF/intracranial pressure in a case-control
study distinguished by categorical differences in IOP and as
such giving a wider scope for establishing a categorical to
linear or categorical to categorical relationship.
No significant difference between cases and controls was
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observed with respect to age, gender, BMI and blood
pressure measurements. This in turn seemed to dilute our
hypothesis that IOP is dependent on systemic blood pressure
as matching of age, gender, BMI and blood pressure between
cases and controls while at the one hand ruled out
confounding effect of these variables while at the same time
also ruled out their effect as a risk factor for rise in IOP
which was categorically increased in cases as compared to
controls.
Mean IOP levels of cases and controls were 27.07±4.30
mmHg and 19.10±1.36 mmHg respectively. The IOP levels
of subjects in two groups were distinctly differentiated as
IOP was the criteria for differentiation between cases and
controls.
However, on evaluating CSF pressure difference between
two groups, the difference was not found to be significant
thus indicating that pattern of IOP levels and CSF pressure in
two groups did not show a similar trend, that is CSF pressure

was independent of glaucomatous status as such and IOP
levels as an extension. On evaluating this relationship further
the correlation of IOP with CSF was found to be weak
(r=0.163; p=0.010). This finding defies the proposition made
by Berdahl (2009) [26] who proposed that CSF pressure may
hold the key to understanding why IOP plays a major role in
the development of glaucoma.
The findings in present study do not endorse this view
point. There are two grounds for this – first, the association
proposed by Berdahl (2009) [26] was proposed as a cause
rather than effect as studied in present study, secondly the
empiricity of Berdahl (2009) [26] hypothesis failed to be
clinically proven in several studies. There is quite
disagreement regarding existence of an association between
glaucoma/increased IOP and increased CSF pressure/ICP.
Table 8 below summarizes the direction of relationship of
glaucoma/IOP with CSF/intracranial pressure as observed in
different clinical studies:

Table 8. Direction of relationship of glaucoma/IOP with CSF/intracranial pressure as observed in different clinical studies.
Sample size and characteristic

Method of measuring
CSF pressure/ICP
Invasive
Invasive

SN

Study (Year)

1.
2.

Lashutka et al. (2004) [27] 27 non-glaucomatous patients
Han et al. (2008) [28]
55 patients with neurological disease

3.

Berdahl et al. (2008) [29]

200 patients h/o lumbar puncture (95 with
glaucoma and 105 without glaucoma0

Invasive

4.
5.
6.
7.
8.
9.

Berdahl et al. (2008) [30]
Czarnik et al. (2009) [31]
Thomas et al. (2010) [32]
Kirk et al. (2011) [33]
Li et al. (2012) [34]
Chunyu et al. (2014) [35]

28 POAG and 49 who did not have POAG
40 Comatosed patients with brain injury
36 children with TBI
45 medically indicated for LP
130
15 patients with meningioma

Invasive
Invasive
Invasive
Invasive
Invasive
Invasive

10.

Yavin et al. (2014) [36]

546 patients from 12 studies (Metanalysis)

-

11.

Wang et al. (2014) [24]

3468

Non-invasive

12.

Present study (2016)

150 Glaucoma and 100 healthy patients

Non-invasive

An overview of Table 8 above shows that out of 12 studies
cited above, only 3 indicated a direct correlation between IOP
and CSF Pressure/ICP, 1 indicated an inverse correlation and 3
proposed non-existence of a correlation. Remaining 5 studies
showed a partial and covariate dependent relationship between
IOP and CSF pressure/ICP. The variance in results of these
studies might be attributable to the variation in study designs,
patient profile and time and method of measurement of IOP
and ICP. As such, the conflicting results in different studies
show lack of a direct correlation between the two and showed
that this relationship is dependent on other variables too.
Although, the present study did not find a significant
association between IOP and CSF pressure/ICP, however, the
present study found a significant association between Mean
arterial pressure and ICP. For both case group as well as
control groups separately or for overall combined assessment
of both the groups, mean ICP values of subjects with MAP
<90 mmHg were significantly lower as compared to those
having MAP >90 mmHg. An association between IOP and
MAP was also observed on overall combined assessment and

Direction of relationship between IOP and
CSF pressure
Directly Correlated
Unrelated
Direction dependent on type of glaucoma. In
POAG patients IOP was significantly lower as
compared to controls
Inverse
Unrelated
Correlated
Unrelated
Correlated
Time dependent
IOP highly sensitive and specific for diagnosis
of Intracranial hypertension
IOP was part of multivariate equation
estimating ICP
Unrelated

in case group respectively. On evaluating the linearity of
correlation, a moderate positive correlation between MAP
and ICP and a near mild positive correlation between IOP
and MAP was observed.
Thus, MAP was found to be more proximally correlated
with both ICP as well as IOP. A number of studies have
endorsed this relationship. There are studies that have
reported a consistent relationship between IOP and blood
pressure with each 10 mm Hg increment in SBP leading to
a mean 0.23-0.31 mm Hg rise in IOP [17, 37, 38-40]. In
other studies, though no such mathematical relationship was
suggested, however, intraocular pressure was correlated
positively with systemic blood pressure [13, 42, 43, 44]. In
present study we obtained a near mild positive correlation
between IOP and MAP. Sithole et al. (2009) 45 on the other
hand found a moderate positive correlation of IOP with
SBP and MAP. In present study, the targeted goal was to
show the relationship of IOP, ICP and MAP, and this
exploration was being done primarily to come up with a
non-invasive measurement procedure for CSF pressure/ICP.
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Hence a linear regression model was proposed in which
IOP was kept as a dependent variable on independent
variables CSF pressure and MAP. The linear regression
model showed that only MAP had a significant association
with the outcome and as such the model had a low
explanatory value (r2=0.289).
These findings indicated a possible role of other
covariates. Multivariability of IOP and ICP dependence has
been suggested in several previous studies too [46, 47]. In
present study too, we tried to analyze a multivariate
relationship of MAP, IOP and ICP.
Using age, gender, BMI, MAP and IOP as predictors, the
multivariate linear regression showed a significant
association of ICP with MAP, Gender, Age and BMI. The
model had an excellent explanatory ability (r2=0.844).
The findings in present study thus indicate that the
relationship between IOP, ICP and MAP is governed by a
multitude of factors (in present study these covariates were
age, gender and BMI). The present study failed to generate a
relationship between IOP and CSF pressure/ICP; however,
the present study showed that MAP was the major
determinant of both IOP as well as ICP. Despite absence of a
linear correlation between IOP and ICP, the present study
indicated that both are influenced by a common factor
(MAP) and owing to this coincidence, in some studies the
relationship between IOP and ICP has been studied. The
present study was unique in the sense that it was probably the
first Indian study exploring relationship between IOP, MAP
and ICP, and that too in healthy individuals. One of the
limitations of present study was that it used a calculated ICP
estimation model. However, the usefulness of present study
lies in the fact that it provided a multivariate linear regression
model which could be used for calculating ICP noninvasively. The accuracy of the model needs to be validated
against invasive measurements, for this a further study in
suitable set of patients where invasive ICP measurements are
feasible is recommended.

5. Conclusion
The findings in present study thus indicate that the
relationship between IOP, ICP and MAP is governed by a
multitude of factors (in present study these covariates were
age, gender and BMI). The present study failed to generate a
relationship between IOP and CSF pressure/ICP; however,
the present study showed that MAP was the major
determinant of both IOP as well as ICP. The present study
was unique in the sense that it was probably the first Indian
study exploring relationship between IOP, MAP and ICP, and
that too in healthy individuals.
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