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Introduction

Glaucoma is one of the causes of substantial visual loss 
due to optic nerve injury. High intraocular pressure (IOP) 
is the most important risk factor. However, IOP is dynamic 
and can be affected by many factors. Pronounced changes in 
IOP in horizontal body position have been demonstrated in 
previous studies, and people spend one third of their lives lying 
down.1,2,3,4,5,6

Positional changes in IOP may be important in the 
development and course of glaucoma. Previous studies have 
also demonstrated wide variation in the difference between 

IOP values obtained in supine position and sitting position. 
This difference varies between 0.3 mmHg and 5.6 mmHg 
in studies evaluating healthy individuals and patients with 
glaucoma.7,8,9,10,11,12,13,14,15,16,17

The physiology of postural changes in IOP is not fully 
understood. Understanding IOP changes related to body position 
may be important in order to understand the development and 
course of glaucoma, determine variations in IOP measurements 
obtained in clinical follow-up, and provide more standardized 
follow-up. Furthermore, if the nature of these effects is better 
understood, glaucoma patients can be advised about what 
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situations they should avoid in their daily lives or which may 
benefit them. 

In this study, we measured IOP in healthy individuals in 
sitting, standing, and supine position and evaluated differences 
in IOP between these positions.

Materials and Methods

The study was carried out in accordance with the principles 
of clinical research set forth in the Declaration of Helsinki and 
was approved by the Ethics Committee of Manisa Celal Bayar 
University Faculty of Medicine. Fifty-two right eyes of 52 
individuals who presented to the ophthalmology department 
of the Manisa Celal Bayar University Hafsa Sultan Faculty of 
Medicine with refractive errors not exceeding -4.00 and +2.00 
were included in the study. Patients using systemic or topical 
medication and those with ocular surface disease, uveitis, 
glaucoma, retinal detachment, ocular infection, and strabismus 
were not included. A detailed ophthalmologic examination 
was performed before the study to identify individuals who 
met these criteria. In addition, the nature of the study was 
explained verbally to each participant and informed consent was 
obtained from all participants before the study. Participants were 
instructed to sleep normally the night before and to abstain from 
excessive caffeine intake on the day of the study.

The Icare PRO rebound tonometer (Icare; Tiolat Oy, 
Helsinki, Finland) was used in this study. Subjects were seated for 
10 minutes, after which 6 serial IOP measurements were taken 
in quick succession from their right eye with the Icare PRO 
tonometer while they remained in sitting position. The average 
of these 6 measurements was used. The subjects were then asked 
to stand for 10 minutes, after which 6 serial IOP measurements 
and their average value were obtained as before. Finally, the 
patients laid in supine position on the clinic stretcher with no 
pillow for 10 minutes, after which the same IOP measurement 
procedure was repeated. Subjects were encouraged to relax 
in order to avoid actions that would increase pressure on the 
eyelids or globe during measurements. Based on the color-coded 
measurement reliability system in the Icare PRO tonometer, 
we only used average values that were green, indicating low 
variability and high reliability. The Icare PRO includes an 
automatic system that compares 6 manual measurements, 
evaluating variation between them and calculating an average. 
Green indicates lowest variability and highest reliability, yellow 
indicates moderate variability and reliability, and red indicates 
high variability and low reliability.2,3,4,5,6,7,8,9,10,11,12,13,14,15,16,17,18

Statistical Analysis
Using the SPSS program, normality of the sample set 

was evaluated and the non-parametric Spearman’s correlation 
test and Wilcoxon test were used to statistically evaluate 
relationships between the participants’ age and sex, respectively, 
and the different body positions. P values <0.05 were considered 
statistically significant.

Results

Of the 52 participants, 36 were female and 16 were male; 
their mean age was 31.65±6.30 (23-47) years. Table 1 shows 
that the sample set was not normally distributed. Table 2 shows 
the mean IOP values obtained in sitting, standing, and supine 
positions and statistical comparisons between these values using 
Wilcoxon test.     

A p value >0.05 in this test of normality indicated that the 
group was not distributed normally. Therefore, non-parametric 
tests were used in all further statistical analyses.

There were no statistically significant differences in IOP 
values obtained in sitting when compared with values obtained 
in standing and supine position (p=0.112, p=0.472). There was 
also no significant difference in the comparison of standing and 
supine position (p=0.071).

The relationship between the participants’ age distribution 
and IOP in different body positions was examined using 
Spearman’s correlation test (Table 3) and the relationship 
between sex and IOP in different body positions was examined 
using the Wilcoxon test (Table 4).

No relationship was observed between age and IOP measured 
in sitting, standing, and supine positions (p=0.45, p=0.79, 
p=0.77). There was a positive correlation between age and IOP 
in sitting and standing position, while a negative correlation 
was observed in supine position. Relationships between sex and 
IOP measured in sitting, standing, and supine positions were not 
statistically significant according to the results of the Wilcoxon 
test (p=0.59, p=0.69, p=0.54).

Discussion

Changes in IOP occurring with changes in body position have 
been evaluated in numerous studies over the years, with emphasis 
that this issue may be important for patients with glaucoma. 
Previous studies have shown that IOP differs significantly 
between sitting and supine position and that IOP is higher in 
supine position compared to sitting position. Furthermore, these 
studies reported that the difference in IOP between sitting and 
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Table 1. Normality test 

Kolmogorov-Smirnov test 

p 

Female 0.001

Male 0.066

Table 2. Statistical comparison of mean intraocular 
pressure values measured in different body positions

Body 
positions

Mean intraocular 
pressure (mmHg)

p

Sitting 17.76±3.41 (12.70-25.60) Vs. standing p=0.112; 
vs. supine p=0.472

Standing 17.10±3.27 (11.50-25.20) Vs. supine p=0.071

Supine 18.46±4.67 (10.50-29.40)
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supine position was more pronounced in glaucoma patients. 
The magnitude of this difference is 0.3-5.6 mmHg in healthy 
individuals and patients with glaucoma.1,7,8,9,10,11,12,13,14,15,16,17

The physiology of posture-induced changes in IOP has not 
been fully elucidated. However, in another study involving 
24-hour observation, it was emphasized that IOP has a circadian 
rhythm. The authors reported a change of 4.5-20 mmHg 
between IOP values taken at night in supine position and in the 
day in sitting position. This indicates that IOP measurements in 
glaucoma patients should be performed at similar times of day 
and also suggests that IOP spikes that may accelerate glaucoma 
progression could go undetected and unnoticed by clinicians.2,19

Axial length, which is believed to be a factor in the 
physiology of IOP change, has also been evaluated in some 
studies. The increase in intraocular pressure when moving from 
sitting to supine position was found to be greater in patients 
with short axial length and smaller increases were observed in 
patients with myopic defocus greater than -4.00 diopters.1,20,21

In numerous studies, the increase in episcleral venous 
pressure (EVP) that occurs when lying down was proposed as 
an explanation of this change in IOP. However, these studies 
were unable to show an exact correlation between EVP increase 
and expected IOP increase or clearly demonstrate whether IOP 
increase was a result of the EVP increase or other factors.22,23,24,25

Different methods of evaluating IOP changes according to 
body position have been described in the literature. In healthy 
subjects, the increase in IOP between sitting and supine 
position was reported as 1.8 mmHg using Perkins applanation 
tonometer, 2.5-3.9 mmHg with pneumotonometer, 1.2 mmHg 
with Tono-Pen, and 4.1 mmHg with Goldman applanation 
tonometry.1,26,27,28,29 Mosaed et al.30 reported relatively small 
postural change in IOP in healthy young adults and elderly 
individuals with healthy eyes, while another study reported 
that postural IOP changes in these two populations were 
nonsignificant.31

Although our study did not yield any findings that support 
previous studies, we can say that changes in IOP are not related 
to body position. Because our study included only healthy 
young adults, the same results may not be obtained in elderly 
individuals or glaucoma patients. Our investigation focused 

on the relationship between IOP and body position, and we 
observed a difference of 0.7 mmHg between sitting and supine 
positions. A limitation of our study is that we did not control 
for systemic parameters such as blood pressure, heart rate, and 
central venous pressure.

Our results indicated that there was no statistically significant 
difference in IOP measured in sitting and supine position with 
the Icare PRO tonometer. Therefore, we believe the Icare PRO 
tonometer may be appropriate for IOP monitoring in glaucoma 
patients who are confined to bed. The other main finding of our 
study is that differences in IOP values when sitting, standing, 
and in supine position are independent of sex and age. 

Study Limitations
In our study, we used the Icare PRO tonometer to measure 

IOP in randomly selected healthy individuals in a specific order 
(sitting, then standing, then supine). This was important in terms 
of standardizing the measurement process between participants. 
However, the relatively small sample and inclusion of only 
healthy individuals were among the limitations of this study.

Conclusion
A more comprehensive study is needed to understand how 

IOP changes with respect to position and time of day and to 
determine whether these factors affect glaucoma. These studies 
will help develop recommendations for glaucoma patients with 
comorbidities on how to optimize their living conditions.
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