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ABSTRACT
Introduction: Systemic blood pressure, by far, is one of the most important factors that can have an effect 
on intraocular pressure. We have compared the intraocular pressure (IOP) among patients with systemic 
hypertension and those with normal blood pressure.

Materials and methods: A hospital based case control study was conducted from March 2017 to March 
2018 in the Ophthalmology outpatient department at Dhulikhel Hospital. A total of 100 patients with 
hypertension were included in the case group (hypertensive group) and 100 cases with no systemic or 
ocular disease were included in the control group (normotensive group). Mean intraocular pressures were 
calculated and compared between the two groups.

Results: Mean age of patients was 49.03 years in hypertensive group and 47.53 years in normotensive 
group. Mean IOP of the right eye in those with hypertension was 16.10 mmHg and in the left eye was 15.8 
mmHg. Similarly mean IOP of the right eye in the normotensive group was 15.8 mmHg and the left eye 
was 16.2 mmHg. The difference between mean IOP of hypertensive and normotensive individuals was not 
statistically significant (p > 0.05). The prevalence of ocular hypertension was found to be 7.5%.

Conclusion: There was no statistically significant difference in IOP between hypertensive and normotensive 
individuals. However, a statistically significant difference in IOP was noted between ‘hypertensive with 
controlled blood pressure’ and ‘hypertensive with uncontrolled BP’ indicating that high blood pressure 
may be associated with high IOP.
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INTRODUCTION

Intraocular pressure (IOP) is maintained by 
the equilibrium in production and drainage 
of the aqueous humor and normally ranges 
from 10-21 mm Hg (mean 16±2.5) (Kasper et 
al, 2005). Intraocular pressure is affected by 
various factors such as age, blood pressure and 
blood sugar level (Levin et al, 2011; Klein et 
al, 2005). Increased ciliary epithelial sodium 
transport leading to an excessive aqueous 
humor formation and subsequent high IOP 
has been reported in systemic hypertension. 
Variations in systolic blood pressure also results 
in small changes in aqueous humour formation 
as a result of increased capillary pressure in 
the ciliary body. This indeed could result in 
increased intraocular pressure (Bill, 1973). 
Blood pressure also affects episcleral venous 
pressure, which is important in regulating the 
flow of aqueous across the trabecular meshwork 
into Schlemm’s canal (Levin et al, 2001). 

Intraocular pressure is regarded as the most 
important modifiable risk factor associated 
with the development of glaucomatous optic 
neuropathy (Leske et al, 2001; Le et al, 2003). 
Population based screening for an elevated 
intraocular pressure and its control could reduce 
the number of people who are at the greatest 
risk of glaucoma (Kisan et al, 2012).

Thus, all the patients with high blood pressure 
must be investigated for raised intraocular 
pressure so as to identify glaucoma as early as 

possible and decrease the morbidity caused by 
the disease.

MATERIALS AND METHODS

A hospital based prospective case control study 
was conducted from March 2017 to March 2018 
in the Ophthalmology outpatient department in 
Dhulikhel hospital. Ethical consideration was 
taken from the institutional review committee 
(IRC-KUSMS 86/17). Sample size was 
calculated using the formula n= Z2 * P * (1-P)/e2, 
where, Z=constant for 95% confidence interval, 
P= Prevalence of ocular hypertension in people 
more than 40 years of age, e= allowable error. 
Taking P=7 (Leske et al, 1995), Z=1.96 and 
e=5% sample size calculated was 100. So, 100 
patients with hypertension were included in 
the case group and 100 cases with no systemic 
or ocular disease were included in the control 
group after matching the age and gender with 
the case group.

Primary objective was to compare the 
intraocular pressure (IOP) among patients with 
systemic hypertension and those with normal 
blood pressure. Secondary objective was to 
find prevalence of ocular hypertension in 
patients above 40 years of age. Every 3rd patient 
of age more than 40 years with diagnosed 
hypertension, including both the old cases 
and recently diagnosed cases of hypertension 
attending the ophthalmology OPD irrespective 
of the duration of hypertension were included in 
the study. After matching the age and gender, the 
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individuals without hypertension were included 
in the control group.

Exclusion criteria included age <40 years, 
diabetes mellitus (type 1 or type 2), high myopia 
or history of glaucoma , ocular pathology which 
can cause increase in intraocular pressure or 
glaucomatous changes in optic disc like uveitis, 
vein occlusions, media opacities like significant 
cataract, corneal opacity which would hamper 
posterior segment examination. Those patients 
who were never found to have high blood 
pressure and whose blood pressure is <140/90 
mm Hg were kept in the normotensive group. 
Among patients with diagnosed hypertension, 
those with BP ≤ 140/90 mm Hg were kept under 
hypertensive with controlled BP group whereas 
those with BP > 140/90 mm Hg were kept under 
hypertensive with uncontrolled BP group.

For every patient, a detailed history was obtained 
regarding the age, sex, ocular symptoms, 
duration and treatment of hypertension. Ocular 
examination included recording of visual acuity 
with Snellen’s chart, retinoscopy, anterior and 
posterior segment examination with slit lamp 
biomicroscopy. Measurement of intraocular 
pressure was carried out by Goldman’s 
applanation tonometer [Haag streit BQ 900]. 
Mean of 3 readings was taken for every patient. 
Optic disc evaluation was done on both the 
eyes of every case and control. The optic disc 
evaluation included color, shape, size, margin, 
cup disc ratio, neuroretinal rim, retinal nerve 

fiber layer loss, peripapillary atrophy and 
specific signs like bayonetting sign, baring 
sign or laminar dot sign. For every case with 
a suspicious disc, visual field examination was 
done using Humphrey’s automated visual field 
perimetry (Carl Zeiss Meditec AG). For all cases, 
grading of hypertension was done according to 
Keith-Wagener-Barker classification (Keith et 
al, 1939).

For the purpose of our study, we defined Ocular 
hypertension as those with IOP >21mm Hg in 
at least 1 eye without field defects. POAG was 
diagnosed as patients with suspicious disc (C: 
D ratio > 0.5), open angles on gonioscopy and 
visual field defects. 

Statistical analysis was done using the Statistical 
Package for the Social Sciences (SPSS) version 
25. Mean of IOP of each group was calculated 
and comparison was carried out using paired 
t-test. 

RESULTS

In this study a total of 200 patients were included 
among which 100 were hypertensive patients 
as diagnosed by the Medicine department of 
Dhulikhel Hospital and the other 100 were 
normotensive patients. Mean age of patients 
were 49.03 in hypertensive group and 47.53 
years in Normotensive group. 59 males and 41 
females were included in hypertensive group 
whereas 62 males and 38 females were included 
in the normotensive group (Table 1).
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Nepalese Journal of OphthalmologyMean systolic and diastolic blood pressure in hypertensive group was 136.96 mm Hg and 85.66 mm Hg respectively. Mean systolic and diastolic blood pressure in the normotensive group was 124.38 mm Hg and 79.34 mm Hg respectively. Mean IOP in hypertensive group was 15.95 mm Hg and in the normotensive group was 16 mm Hg (Table 2) .Mean IOP of right eye in those with hypertension was 16.10mm Hg and in left eye was 15.8mm Hg.Similarly mean IOP of right eye in normotensive group was 15.8 mm Hg Table 1: Comparison of demographic parameters in both hypertensive and  normotensive groups.ParametersHypertensive groupNormotensives groupMean Age49.03 years47.53 yearsMales5962Females4138Table 2: Comparison of blood pressure and IOP between hypertensive and  normotensive groups.ParametersHypertensive groupNormotensive groupMean Systolic BP136.96 mm Hg124.38 mm HgMean Diastolic BP85.66 mm Hg79.34 mm HgMean IOP15.95 mm Hg16 mm HgTable 3: Comparison of mean IOP between Hypertensive and normotensive group.Hypertensive groupNormotensive groupP valueMean IOP RE16.1015.80.632Mean IOP LE15.816.20.229and left eye was 16.2 mm Hg. Comparing the two groups with paired t test the difference was not statistically significant (p>0.05) (Table 3) Among the hypertensive group, patients were further classified into those with uncontrolled blood pressure and those with controlled blood pressure. Mean IOP in each eye was compared between two groups. Surprisingly, there was a statistically significant difference between IOP of individuals with high blood pressure and those whose blood pressure was controlled in both right eye and left eye. (Table 4) Of all the patients included in the study a total of 15 patients had ocular hypertension (IOP>21 mm Hg) in at least 1 eye. Deducting the patients with POAG (2 patients in hypertensive group and 1 patient in normotensive group), the prevalence of ocular hypertension in this study population was found to be 7.5% in that age group. Ocular hypertension was seen in a total of 6 patients in hypertensive group and 9 patients in the normotensive group. (Table 5)Total 9 patients in hypertensive group and 5 patients in the normotensive group had suspicious disc findings. Further evaluation with visual fields demonstrated field defects in 2 patients in hypertensive group and 1 in the normotensive group. 2 patients in hypertensive Table 4: Comparison of mean IOP between right eye and left eye of hypertensive individuals with controlled and uncontrolled blood pressure.Hypertensive groupControlled BPUncontrolled BPP valueMean IOP Right eye15.5516.730.045Mean IOP Left eye15.2916.390.045Table 5: Frequency table showing different parameters.ParametersHypertensive  groupNormotensive groupTotal number of individuals with ocular hypertension (IOP>21 mm Hg)69Total number of individuals with Suspicious Disc in at least 1 eye95Total number of individuals with documented Visual field defect in at least 1 eye21Total number of individuals diagnosed to have POAG21group and 1 patient in normotensive group were diagnosed to have Primary open angle glaucoma (POAG) (Table 5).DISCUSSIONIn this hospital based case control study, there were more males in the total study population. Study conducted by Mondal also showed a male predominance (Mondal et al, 2017).In this study there was no statistically significant (p value <0.05) difference between the mean IOP in hypertensive and normotensive individuals in both right eye and left eye as shown by the paired t-test. Study by Sithole et al showed a weak correlation between systemic blood pressure and intraocular pressure in a Parajuli S et alIOP comparison in individuals with Systemic Hypertension and Normal Blood PressureNepal J Ophthalmol 2021; Vol 13 (26): 137-44Parajuli S et alIOP comparison in individuals with Systemic Hypertension and Normal Blood PressureNepal J Ophthalmol 2021; Vol 13 (26): 137-44



PBPBA biannual peer-reviewed academic journal of Nepal Ophthalmic Society

Nepalese Journal of Ophthalmology

Mean systolic and diastolic blood pressure in hypertensive group was 136.96 mm Hg and 85.66 mm Hg respectively. Mean systolic and diastolic blood pressure in the normotensive group was 124.38 mm Hg and 79.34 mm Hg respectively. Mean IOP in hypertensive group was 15.95 mm Hg and in the normotensive group was 16 mm Hg (Table 2) .Mean IOP of right eye in those with hypertension was 16.10mm Hg and in left eye was 15.8mm Hg.Similarly mean IOP of right eye in normotensive group was 15.8 mm Hg Table 1: Comparison of demographic parameters in both hypertensive and  normotensive groups.ParametersHypertensive groupNormotensives groupMean Age49.03 years47.53 yearsMales5962Females4138Table 2: Comparison of blood pressure and IOP between hypertensive and  normotensive groups.ParametersHypertensive groupNormotensive groupMean Systolic BP136.96 mm Hg124.38 mm HgMean Diastolic BP85.66 mm Hg79.34 mm HgMean IOP15.95 mm Hg16 mm HgTable 3: Comparison of mean IOP between Hypertensive and normotensive group.Hypertensive groupNormotensive groupP valueMean IOP RE16.1015.80.632Mean IOP LE15.816.20.229and left eye was 16.2 mm Hg. Comparing the two groups with paired t test the difference was not statistically significant (p>0.05) (Table 3) Among the hypertensive group, patients were further classified into those with uncontrolled blood pressure and those with controlled blood pressure. Mean IOP in each eye was compared between two groups. Surprisingly, there was a statistically significant difference between IOP of individuals with high blood pressure and those whose blood pressure was controlled in both right eye and left eye. (Table 4) Of all the patients included in the study a total of 15 patients had ocular hypertension (IOP>21 mm Hg) in at least 1 eye. Deducting the patients with POAG (2 patients in hypertensive group and 1 patient in normotensive group), the prevalence of ocular hypertension in this study population was found to be 7.5% in that age group. Ocular hypertension was seen in a total of 6 patients in hypertensive group and 9 patients in the normotensive group. (Table 5)Total 9 patients in hypertensive group and 5 patients in the normotensive group had suspicious disc findings. Further evaluation with visual fields demonstrated field defects in 2 patients in hypertensive group and 1 in the normotensive group. 2 patients in hypertensive Table 4: Comparison of mean IOP between right eye and left eye of hypertensive individuals with controlled and uncontrolled blood pressure.Hypertensive groupControlled BPUncontrolled BPP valueMean IOP Right eye15.5516.730.045Mean IOP Left eye15.2916.390.045Table 5: Frequency table showing different parameters.ParametersHypertensive  groupNormotensive groupTotal number of individuals with ocular hypertension (IOP>21 mm Hg)69Total number of individuals with Suspicious Disc in at least 1 eye95Total number of individuals with documented Visual field defect in at least 1 eye21Total number of individuals diagnosed to have POAG21group and 1 patient in normotensive group were diagnosed to have Primary open angle glaucoma (POAG) (Table 5).DISCUSSIONIn this hospital based case control study, there were more males in the total study population. Study conducted by Mondal also showed a male predominance (Mondal et al, 2017).In this study there was no statistically significant (p value <0.05) difference between the mean IOP in hypertensive and normotensive individuals in both right eye and left eye as shown by the paired t-test. Study by Sithole et al showed a weak correlation between systemic blood pressure and intraocular pressure in a Parajuli S et alIOP comparison in individuals with Systemic Hypertension and Normal Blood PressureNepal J Ophthalmol 2021; Vol 13 (26): 137-44Parajuli S et alIOP comparison in individuals with Systemic Hypertension and Normal Blood PressureNepal J Ophthalmol 2021; Vol 13 (26): 137-44



142 A biannual peer-reviewed academic journal of Nepal Ophthalmic Society

young South African adult population (Sithole 
et al, 2009).

A statistically significant difference of mean 
intraocular pressures between hypertensives with 
uncontrolled blood pressure and hypertensives 
with controlled blood pressure was observed in 
our study. Statistically significant difference of 
IOP in relation to blood pressure was also seen 
in the “Egnaneumarkt study” (Bonomiet al, 
2000). Similar results were also seen in the study 
by Thampi et al (2017) where the mean IOP in 
the hypertensive group was significantly higher 
than those without hypertension (Thampi et al, 
2017). Kishan et al. conducted a study where 
blood pressure was positively independently 
correlated to the IOP (Kisan et al, 2012). A 
positive association between the systolic BP and 
a raised IOP has constantly been shown in both 
cross sectional and longitudinal studies (Klein 
et al, 1981; McLeod et al, 1990; Rochtchina 
et al, 2002). Some studies have shown that the 
diastolic BP was positively associated with 
a raised IOP (Klein et al, 2005; Hiller et al, 
1982). The Los Angeles Latino Eye Study also 
reported an increase in IOP with increase in 
blood pressure (Memarzadehet al, 2010).

Prevalence of ocular hypertension in this 
study population was found to be 7.5% which 
is comparable to the prevalence of ocular 
hypertension in Framingham Eye Study and 
the Baltimore Eye Survey (Sommer A, 1996; 
Kahn et al. 1977). The prevalence of POAG 
in our study was 1.5% .The prevalence of 
POAG in our study is similar to prevalence in 

Bhaktapur glaucoma study where the age and 
sex standardized prevalence of POAG was 
1.24% (Thapa et al, 2013).

Hypertensive retinopathy was seen in 27 of 
100 hypertensive patients. This prevalence of 
retinopathy is comparable to prevalence seen in 
other studies (Shantha et al, 2010; Besharati et 
al, 2006). 

CONCLUSION

There was no statistically significant 
difference in IOP between hypertensive and 
normotensive individuals. However, there was 
a statistically significant difference in IOP 
between ‘hypertensives with controlled BP’ and 
‘hypertensives with uncontrolled BP’. 

We recommend that all patients with 
hypertension must undergo periodic eye 
examination for early diagnosis of ocular 
hypertension and POAG. 

Limitations: In this study, IOP was taken in 
only one sitting and the diurnal variation was not 
taken into account. This may give false results 
in some patients who may show a normal IOP 
level at a certain time of the day but may show 
a larger diurnal variation.
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