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ABSTRACT A

Background: Elevated intraocular pressure (IOP) and reduced ocular perfusion pressure (OPP) are major risk factors
in the development and progression of glaucoma. Although both obesity and prehypertension are risk factors in
elevating IOP, very few studies have analyzed the effects of obesity on IOP and OPP in pre-hypertensive individuals.
Aim and Objective: This study aims to assess the effects of body mass index (BMI) on IOP and OPP in pre-hypertensive
individuals. Materials and Methods: A total of 100 voluntary participants with prehypertension (systolic blood pressure
of 120-139 mmHg or diastolic blood pressure of 80—-89 mmHg) in the age group of 20-50 years were selected from an
ophthalmology clinic in Mysuru. They were categorized into two groups based on their BMI into obese and non-obese pre-
hypertensive groups. IOP was recorded using rebound tonometer and OPP was calculated. Results: Statistically significant
elevation in IOP and reduction in OPP values of both the eyes were observed in obese pre-hypertensive group. Conclusion:
Obesity compounds the effect of prehypertension on IOP and OPP probably by early disruption of the autoregulatory
mechanisms that maintain constant ocular blood flow. Understanding of the complex relationship between IOP and OPP in
obese, pre-hypertensive population might help in preventing the risk of developing glaucoma.
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INTRODUCTION Prehypertension, a precursor of clinical hypertension, is

an asymptomatic silent killer that can cause subclinical
Obesity is a rapidly emerging global epidemic with profound  atherosclerosis. It is associated with an increased risk of
public health consequences. It is an excessive accumulation major cardiovascular events, thus pointing to the need for its
of fat in the body resulting in increase in weight beyond that  early identification and management.) According to JNC 7,
considered desir?lbl§ with regard to age, heigh.t, and bone  the WHO classification, prehypertension is defined as above-
.structure.“] Obesity is a comple*:x condition resgltlng from th? optimal systolic and diastolic blood pressure of 120-139 or
interplay among genetics, environment, and lifestyle.” It is  g(_gg mmHg, respectively.’) This is further classified as
an established fact that increase in body mass index (BMI), elevated hypertension and Stage I hypertension by American

which is one of the specific indicators of obesity, is a College of Cardiology and American Heart Association
significant risk factor for hypertension.?! (ACC/AHA). 1
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Website: www.njppp.com Quick Response code Intraocular pressure (IOP) is the pressure exerted by aqueous
E 'E humor on the intraocular tissues. Elevated IOP can cause

- glaucomatous optic nerve damage due to their mechanical

DOI: 10.5455/njppp.2020.10.05137202029052020 = effects on the optic nerve head.”? Ocular perfusion pressure
E i (OPP) is an important determinant of ocular blood flow and

it reflects the vascular status of the optic disc. It is expressed
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as the difference between the arterial BP and IOP. Reduced
OPP could diminish ocular blood flow, leading to ischemia
and poor irrigation of ocular nervous tissues, thus having
deleterious effects on the optic disc. Hence, variations in IOP
and OPP could be probable risk factors for ocular vascular
deregulation, thus increasing the incidence and progression
of glaucoma. According to the WHO, glaucoma is the second
leading cause of blindness in the world, which can affect the
quality of life of these patients.™

An association between increased BMI and elevated IOP in
adults and children has been observed in recent reviews.”! A
potential relationship between obesity and eye diseases such
as cataract, diabetic retinopathy, and age-related macular
degeneration has been reported.'” Although both obesity
and prehypertension are independent risk factors in elevating
IOP, very few studies have analyzed the composite effects of
obesity and prehypertension on IOP and OPP. The purpose
of this study was to evaluate the relationship between IOP,
OPP, and BMI in pre-hypertensive individuals as they are
modifiable risk factors for glaucoma.

Objective

The objective of the study was to assess the effects of BMI on
IOP and OPP in pre-hypertensive individuals.

MATERIALS AND METHODS

This comparative cross-sectional study comprised 100 voluntary
participants with prehypertension (systolic blood pressure
(SBP) of 120-139 mmHg or diastolic blood pressure (DBP)
of 80-89 mmHg) in the age group of 20-50 years, from an
ophthalmology clinic in Mysuru. Subjects with conjunctivitis,
glaucoma, contactlens users, smokers, alcoholics, hypertensives,
and individuals with a history of diabetes mellitus or chronic
kidney diseases were excluded from the study. The Institutional
Ethical Clearance was obtained.

Details of the procedure were explained to the participants and
informed consent was taken. Anthropometric measurements
were made and their BP was recorded after a rest period of
5 minutes using sphygmomanometer. They were categorized

into Group 1 and Group 2 based on their BMI. Group 1
included non-obese pre-hypertensive subjects with normal
BMI between 18.5 and 22.9 kg/m? and Group 2 comprised
overweight and obese pre-hypertensive subjects with BMI
greater than 22.9 kg/m?. IOP was recorded in sitting position
using SW-500 rebound tonometer (Tianjin Suowei Electronic
Technology Co., Ltd., Tianjin, China). All the recordings were
done between 11 am and 1 pm by the same person to minimize
the bias of examiners and diurnal variations of IOP.['!

Mean arterial pressure (MAP) and mean OPP (MOPP) were
calculated!"! using the following formulas: MAP = DBP+1/3
(SBP-DBP); MOPP = (2/3) MAP-10OP

Statistical Analysis

Data collected were entered into MS Excel 2010 and analyzed
using SPSS version 23. Descriptive statistical measures such as
arithmetic mean and standard deviation were applied. Inferential
statistical tests like unpaired z-test for comparison between
groups were used. Pearson’s correlation was used to find out
the relationship between BMI, IOP, and OPP. Differences were
interpreted as statistically significant at P<0.05.

RESULTS

The mean age of the subjects in Group 1 was 36.6 £ 10.65
years and in Group 2 was 37.6 £+ 8.19 years. The gender-wise
distribution of subjects was 60 females and 40 males. The
mean BMI was 20.74 kg/m? in Group 1 and 26.37 kg/m? in
Group 2. Statistically significant elevations in IOP of both
the eyes were observed in Group 2 with high BMI. Reduction
in OPP was also observed in the same group though it was
not statistically significant [Table 1]. The IOP values of both
the eyes showed a significant positive correlation with BMI.
Although a negative correlation was observed between OPP
values of both the eyes and BMI, it was not statistically
significant [Table 2].

DISCUSSION

Our study aimed to analyze the effects of BMI on IOP and
OPP in overweight and obese pre-hypertensive individuals.

Table 1: Mean and SD values of BP, IOP, and OPP parameters between the two groups

Parameters in (mmHg) Group 1 (MeanSD) Group 2 (MeanSD) P-value
SBP 124.29+5.27 126.38+5.86 0.08
DBP 81.08+2.11 80.92+2.81 0.81
MAP 95.47+2.81 96.07+£2.77 0.30
Right IOP 16.27+1.18 16.72+0.76 0.04*
Left IOP 16.18+1.25 16.7+0.79 0.02%*
Right OPP 47.3842.17 47.33+1.78 0.93
Left OPP 47.46+1.91 47.35+1.89 0.81

*P<0.05. IOP: Intraocular pressure, OPP: Ocular perfusion pressure, SBP: Systolic blood pressure, DBP: Diastolic blood pressure and MAP: Mean arterial pressure
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Table 2: Correlation between BMI and ocular pressures

Ocular pressures BMI

r-value P-value
Right IOP 0.228 0.02*
Right OPP -0.017 0.87
Left IOP 0.239 0.02*
Left OPP —0.031 0.76

*P<0.05, IOP: Intraocular pressure, OPP: Ocular perfusion pressure,
BMI: Body mass index

There was a statistically significant elevation in IOP and mild
reduction in OPP values of both the eyes in the group with high
BMI when compared with the non-obese pre-hypertensive
group. A significant positive correlation between IOP and
BMI was observed, whereas OPP was negatively correlated
with BMI.

SandraNgo et al. observed anegative correlation between OPP
and IOP in the overweight and obese population.['” Increased
mean BP levels with increasing BMI were observed in
African and Asian population!'¥ and a strong association was
found between obesity and prehypertension as well.l'"* Obese
individuals may have a greater tendency toward elevated BP
and their eyes are more sensitive to OPP changes. This could
be related to pathological changes in intraocular blood vessels
of obese pre-hypertensives by damaging the small vessels
of the optic disc, thus increasing the risk of glaucoma.”
Moreover, adaptation to changes in OPP might be better in
normal BMI group due to healthier and more resilient blood
vessels.['” However, higher BMI was associated with a lower
risk of primary open angle glaucoma in a prospective cohort
study on Caucasian population!’®! which is contrary to our
findings. Another study conducted on Nigerian population,
also states that obesity is an independent risk factor for increase
in BP and IOP which may result in systemic hypertension and
glaucoma.l'! However, it was observed that IOP levels were
higher in pre-hypertensive individuals as well.'”? The cause
for association of obesity with IOP is unclear. It could be due
to mechanical effects such as excessive intraorbital adipose
tissue, increased blood viscosity, and increased episcleral
venous pressure causing impairment of aqueous outflow.!'®!
The pathophysiologic basis for the relationship between BP
and IOP is complex and not well understood. Increased BP
probably leads to increased aqueous humor ultrafiltration by
means of increased ciliary arterial pressure thus increasing
IOP.I"™!

OPP is a derivative of BP and IOP. Reduction in OPP
observed in overweight and obese pre-hypertensive group of
our study could increase the probability of the development
of glaucoma. High BMI leads to autonomic and endothelial
dysfunction that can decrease choroidal perfusion and ocular
blood flow.l" Although obesity and prehypertension are
considered as independent risk factors for increased IOP and

blood flow as observed in our study. Further studies with
Doppler optical coherence tomography can be done to study
the exact ocular blood flow.! A clear picture of the interplay
between BMI, BP, and IOP could be obtained if this study is
done on a larger population and in glaucomatous patients.

CONCLUSION

Obesity compounds the effect of prehypertension on 10P
and OPP probably by early disruption of the autoregulatory
mechanisms that maintain constant ocular blood flow.
Understanding of the complex relationship between IOP and
OPP in obese pre-hypertensive population might help in early
detection and preventing the risk of glaucoma development by
reducing their BMI with weight loss remedies and sedentary
lifestyle modifications.
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