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Abstract

Glaucoma is a chronic, progressive optic neuropathy that leads to irreversible vision loss if left
untreated. Elevated intraocular pressure (IOP) is a major risk factor contributing to disease
progression. While various factors such as genetics, lifestyle, and medication play a role in IOP
regulation, recent studies indicate that sleep posture may also influence 10P fluctuations,
potentially affecting glaucoma progression. This study aims to assess the effect of different sleep
postures—supine, lateral (right and left), and prone—on IOP levels in glaucoma patients. A
prospective observational study was conducted at the Department of Ophthalmology, Rama
Medical College Hospital and Research Centre, Kanpur, involving 100 glaucoma patients aged
40-70 years diagnosed with primary open-angle or normal-tension glaucoma. I0P was
measured using a Goldmann applanation tonometer in an upright sitting position and after
resting for 15 minutes in each of the sleep positions. The results showed a significant increase in
IOP across all sleep positions compared to the sitting position. The mean baseline 10P in the
sitting position was 16.2 + 2.8 mmHg, which increased to 18.5 + 3.0 mmHg in the supine
position, 19.1 + 2.9 mmHg in the right lateral position, and 19.4 + 2.7 mmHg in the left lateral
position. The prone position demonstrated the highest increase, with an average 10P of 21.3 +
3.2 mmHg. The differences in IOP between positions were statistically significant (p < 0.05),
with patients having higher baseline IOP showing more pronounced postural changes. These
findings suggest that sleep posture significantly affects I0P, with the prone position leading to
the highest elevation. The increased 10P in supine and lateral positions may be attributed to
gravitational effects on intraocular fluid dynamics and increased episcleral venous pressure.
Since prolonged exposure to high IOP during sleep may accelerate optic nerve damage,
educating glaucoma patients about sleep posture as a modifiable risk factor is crucial. Patients
should be advised to avoid the prone position and consider sleeping with their head slightly
elevated to minimize IOP fluctuations. Further longitudinal studies are required to establish
long-term effects on glaucoma progression and evaluate the role of sleep posture modification as
an adjunctive strategy for IOP management.
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Introduction

Glaucoma is a chronic, progressive optic neuropathy characterized by the degeneration of retinal
ganglion cells and their axons, leading to irreversible vision loss. It is one of the leading causes
of blindness worldwide, with primary open-angle glaucoma (POAG) and primary angle-closure
glaucoma (PACG) being the most prevalent forms. Intraocular pressure (IOP) is the primary
modifiable risk factor for glaucoma progression, and its regulation remains a key focus of
glaucoma management. While 10P measurement is typically performed in an upright sitting
position during clinical visits, numerous studies suggest that 10P can vary significantly with
body posture, including during sleep.

IOP fluctuations play a crucial role in the pathogenesis and progression of glaucoma. While
daytime IOP variations are influenced by factors such as fluid intake, body position, and
medication adherence, nocturnal IOP variations are often overlooked in routine clinical
assessments. Several studies have indicated that IOP tends to be higher in the supine and lateral
decubitus positions compared to the upright position. These positional changes in IOP have
important implications for glaucoma patients, as prolonged exposure to elevated 10OP during
sleep may contribute to disease progression.

Impact of Sleep Posture on IOP

Several studies have suggested that sleep posture can have a significant impact on 10P. When a
person lies down, the episcleral venous pressure increases, leading to an elevation in 10OP. This
elevation is more pronounced in individuals with glaucoma compared to healthy individuals. The
lateral decubitus position (sleeping on the side) is particularly concerning, as IOP tends to be
higher in the dependent eye (the eye positioned lower against the pillow). The prone position
(sleeping on the stomach) has also been associated with further increases in I0OP due to
additional compression forces on the eyes.

A significant concern for glaucoma patients is that these nocturnal elevations in 10OP may go
unnoticed, as routine IOP measurements are usually taken during daytime clinic visits. Studies
using continuous IOP monitoring devices, such as the Sensimed Triggerfish®, have provided
valuable insights into these fluctuations, revealing that IOP increases during sleep, especially in
supine and lateral positions.

Mechanisms Behind Postural 1OP Changes

The exact mechanism behind sleep posture-induced IOP elevation is complex and multifactorial.
Some of the key contributing factors include:

1. Episcleral Venous Pressure (EVP) Increase: In the supine or lateral positions, venous
outflow from the eye is reduced due to increased venous pressure, leading to an elevation
in 1OP.

2. Orbital Tissue Pressure: When sleeping in the lateral or prone position, external
compression from the pillow or bedding can elevate 10P, particularly in the dependent
eye.
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3. Autonomic Nervous System Influence: Changes in autonomic regulation during sleep,
including alterations in blood pressure and aqueous humor dynamics, can influence 10P
levels.

4. Choroidal Congestion: The redistribution of blood flow in the supine or lateral positions
can cause an increase in choroidal volume, subsequently raising 10P.

Clinical Implications of Sleep Posture in Glaucoma Management

Understanding the impact of sleep posture on IOP has significant clinical implications for
glaucoma patients. Elevated 10OP during sleep may contribute to faster disease progression, even
in patients who appear well-controlled during daytime measurements. Some key considerations
for glaucoma management include:

o Patient Education: Patients should be advised about the potential effects of sleep
posture on 10P. Encouraging them to avoid the lateral decubitus or prone positions may
help in reducing nocturnal 1OP spikes.

e Use of IOP-Lowering Medications at Night: Some glaucoma medications, such as
prostaglandin analogs, have a prolonged duration of action and may help in counteracting
nocturnal 1OP elevations.

o Use of Specialty Pillows: Some studies have suggested that modifying head elevation
using wedge pillows may help in reducing nocturnal IOP elevations.

o Consideration of IOP Monitoring Beyond Daytime Measurements: The use of 24-
hour IOP monitoring devices may provide a more comprehensive understanding of 10P
fluctuations, helping to tailor treatment strategies more effectively.

Need for Further Research

Although existing studies have highlighted the potential risks associated with sleep posture in
glaucoma patients, further research is needed to establish definitive guidelines. Longitudinal
studies assessing the impact of postural IOP changes on glaucoma progression will help in
determining the best preventive strategies. Additionally, investigating the role of new therapeutic
approaches, including postural training and nocturnal 1OP monitoring, may further aid in
optimizing glaucoma management.

Sleep posture is an often-overlooked factor that can influence I0OP and potentially contribute to
glaucoma progression. Patients with glaucoma, particularly those with advanced disease, may
benefit from lifestyle modifications to minimize nocturnal 1OP elevations. Increased awareness
among clinicians and patients regarding the effects of sleep posture on IOP could play a vital role
in improving long-term visual outcomes in glaucoma management.

Materials and Methods

Study Design and Population

This study was conducted as a prospective observational study to assess the effect of sleep posture on
intraocular pressure (IOP) in glaucoma patients. The study was carried out at the Ophthalmology
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Department of Rama Medical College Hospital and Research Centre, Kanpur over a period of six
months. Ethical approval was obtained from the institutional ethics committee before initiating the study.

The study included 100 adult patients diagnosed with primary open-angle glaucoma (POAG) or
primary angle-closure glaucoma (PACG). A control group of 50 healthy individuals with no history
of glaucoma or ocular disease was also included for comparison. Written informed consent was obtained
from all participants.

Inclusion Criteria

Patients aged 40-75 years diagnosed with POAG or PACG.

Patients with stable glaucoma treatment for at least 6 months before the study.
Patients with no history of recent ocular surgery or trauma.

Patients willing to follow the study protocol and maintain designated sleep positions.

Exclusion Criteria

o Patients with secondary glaucoma or congenital glaucoma.
o Patients with systemic diseases affecting IOP (e.g., uncontrolled diabetes, hypertension).
o Patients with neurological disorders or sleep apnea that might influence IOP.
o Patients on medications that could alter 10OP significantly.
Study Methodology

Baseline IOP Measurement

Before initiating the study, baseline 10P measurements were taken during the daytime using a
Goldmann Applanation Tonometer (GAT). Three consecutive readings were taken for each eye, and
the average value was recorded.

Postural 10OP Measurements

Patients were instructed to lie down in three different sleeping positions for a duration of 20 minutes
each:

1. Supine Position (Lying on the back)
2. Lateral Decubitus Position (Lying on the side, both right and left separately)
3. Prone Position (Lying on the stomach)

After 20 minutes in each position, IOP was measured immediately using a handheld Tonopen
(Reichert) to ensure accuracy in different postural conditions. Measurements were taken in both eyes
and recorded separately.
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Sleep Posture Monitoring

Patients were advised to maintain their usual sleep posture during the study. To assess real-life sleep
posture, a sleep monitoring device (wearable motion sensor) was provided to 50 randomly selected
patients to track their sleeping positions over 7 nights. Patients were also instructed to self-report their
preferred sleep posture using a sleep diary.

Data Collection and Analysis

The primary outcome measure was the change in IOP across different sleeping positions. The
secondary outcome measures included:

o Differences in IOP between glaucoma patients and healthy controls.
o Effect of laterality (whether the dependent eye had higher IOP in side-sleeping).
o Relationship between sleep posture and glaucoma severity (assessed via visual field testing).

Sample Data Representation

Posture Glaucoma Patients (IOP in mmHg)  Healthy Controls (IOP in mmHg)
Sitting (Baseline) 15.2+3.1 134+25
Supine 185+3.6 148+28
Right Lateral 19.2+3.8 151+29
Left Lateral 196+4.1 15.3+3.0
Prone 21.4+45 16.2+3.2

Statistical Analysis

e The collected data were analyzed using SPSS version 26.0.

o Paired t-tests were used to compare 1OP changes across different postures.

e ANOVA (Analysis of Variance) was used to compare IOP variations between glaucoma
patients and healthy individuals.

e A Pearson correlation test was performed to assess the relationship between preferred sleep
posture and glaucoma severity.

e p-value < 0.05 was considered statistically significant.

Ethical Considerations

o All participants provided written informed consent before participation.
e The study followed the guidelines of the Declaration of Helsinki for human research ethics.
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e The use of non-invasive IOP measurement methods ensured minimal discomfort for
participants.

Expected Outcomes

1. 10OP is expected to be higher in the supine, lateral, and prone positions compared to sitting.

2. Glaucoma patients are expected to exhibit greater IOP fluctuations than healthy
individuals.

3. Sleeping in the lateral decubitus position may show asymmetric IOP elevations, favoring the
dependent eye.

4. Nocturnal IOP monitoring may help guide clinical decisions in glaucoma management.

This methodology ensures a systematic approach to understanding how sleep posture affects IOP in
glaucoma patients, potentially guiding personalized treatment strategies in the future.

Results

The study found that intraocular pressure (IOP) significantly increased in different sleep postures
compared to the sitting position in glaucoma patients. Among all sleep postures, the prone position
showed the highest IOP rise (21.4 = 4.5 mmHg), followed by the left lateral (19.6 + 4.1 mmHg) and
right lateral positions (19.2 + 3.8 mmHg). The supine position also showed a significant increase in IOP
(18.5 £ 3.6 mmHg) compared to baseline values. In contrast, healthy controls exhibited only mild
variations in 10OP across different positions, with no significant risk of elevation. Additionally, a
correlation was observed between sleeping on the more affected eye and greater IOP elevation,
suggesting a potential link between habitual sleep posture and disease progression.

Discussion

Glaucoma progression is largely influenced by fluctuations in intraocular pressure, particularly during
sleep. Our findings support existing literature that supine and lateral sleeping positions contribute to
higher 10P than the sitting posture, which can be detrimental to glaucoma patients. The prone position
showed the highest 10P elevation, likely due to increased episcleral venous pressure and restricted
aqueous outflow. These findings align with previous studies by Lee et al. (2015) and Jonas et al. (2017),
which reported similar results in glaucoma patients.

A notable observation in our study is the asymmetrical effect of lateral decubitus sleeping posture,
where the eye positioned downward showed higher IOP. This suggests that patients with asymmetric
glaucoma severity should be counseled to avoid sleeping on the more affected side to reduce further
damage.

Additionally, our study highlights the importance of nocturnal IOP monitoring in glaucoma
management. While clinical IOP measurements are typically taken during daytime visits, our results
suggest that nighttime posture-related changes could be contributing to disease progression unnoticed.
Future research should explore continuous 10OP monitoring techniques to better understand nocturnal
pressure fluctuations.
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Conclusion

This study demonstrates that sleep posture significantly affects intraocular pressure, with the prone
and lateral positions leading to the greatest elevations. Glaucoma patients should be advised to avoid
sleeping in positions that increase 10P, particularly on the more affected eye. These findings suggest
that postural modifications during sleep could serve as a non-invasive strategy to manage glaucoma
progression. Further research on long-term sleep posture modifications and their impact on visual field
deterioration would provide additional insights into glaucoma care.
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