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ABSTRACT

Introduction: This study aims to investigate
the pattern of intraocular pressure (IOP) chan-
ges in different postures among patients with
open-angle glaucoma (OAG).

Methods: A observational study was conducted
on a total of 74 patients with OAG (148 eyes).
IOP measurements were taken in a variety of
positions, including supine, left lateral decubi-
tus, right lateral decubitus, head tilted down-
wards position with immediate head-up
(transient head tilted downwards), seated,
seated with head tilted downwards, standing,
and walking. Each position was held for 5 min
before measurement. In all positions, the
patient maintains both eyes looking forward
and remains alert. In the head tilted downwards
position, the angle of head tilt with respect to
the sagittal plane was 30°.

Results: The overall trend of IOP changes
showed a significant decrease with an increase
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in the position height (r=0.037, p < 0.001).
The IOP was significantly higher in the supine,
left lateral decubitus, right lateral decubitus,
and head tilted downwards positions than in
the seated position (p < 0.001). Compared with
the seated position with eyes at primary gaze,
IOP decreased significantly when standing
(p = 0.008) or walking (p < 0.001). The IOP in
the left lateral decubitus and right lateral decu-
bitus was significantly higher than in the supine
position (p = 0.008, p =0.001, respectively).
The IOP decreased significantly during walking
compared with standing (p < 0.001).
Conclusions: The magnitude of IOP strongly
correlates with the body position during 10P
measurement. The head tilted downwards,
supine, left lateral decubitus, and right lateral
decubitus positions result in a higher IOP than
IOP at the seated position. Patients with OAG
can potentially reduce IOP fluctuations by
adjusting their daily postures.

Keywords: Intraocular pressure; Open-angle
glaucoma; Posture; Intraocular  pressure
fluctuations
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Key Summary Points

Why carry out this study?

Open-angle glaucoma (OAG) is the most
common type of glaucoma and lowering
intraocular pressure (IOP) remains the
most effective treatment method.

The assessment of IOP is very important
for patients with OAG. IOP fluctuations
are an independent risk factor for the
progression of visual field damage in
patients with glaucoma.

Posture is one of the factors most likely to
cause fluctuations in IOP. The fluctuation
of IOP in OAG in common daily life
postures such as sleeping position, sitting,
head tilted downwards, standing, and
walking is an area worth researching.

What was learned from the study?

IOP decreases as the body position
becomes more upright. The head tilted
downwards, supine, left lateral decubitus,
and right lateral decubitus positions result
in a higher IOP than IOP at the seated
position. IOP fluctuations in different
postures may be unrelated to age.

Patients with OAG can potentially reduce
IOP fluctuations by adjusting their daily
postures.

INTRODUCTION

The concept of intraocular pressure (IOP) was
first proposed back in 1626 [1]. High IOP is an
undisputed risk factor for the occurrence and
progression of glaucoma [2], and lowering IOP
remains the only effective method for the
treatment of glaucoma [3]. Although some
patients have a well-controlled IOP during
routine visits, they still experience glaucoma
progression [4, S]. In such cases, fluctuations in
IOP may be the significant contributing factor

[6, 7] and an independent risk factor for glau-
coma injury [6, 8]. Many studies have shown
that 24-h fluctuations in IOP can lead to the
progression of glaucoma [2]. In addition, the
short-term fluctuation of IOP caused by daily
physical activities can lead to the progression of
glaucoma [9]. Many daily activities, such as
rubbing or massaging the eyes, assuming a face-
down position, varying sleep positions, and
wearing swim goggles, can lead to transient
increases in IOP [10]. However, some of the
temporary fluctuations in IOP during daily
activities are difficult to capture, such as those
during heavy lifting or running. According to
the time of exposure to factors that can cause
the fluctuation of IOP, the individual exposure
to the fluctuation of IOP can be estimated [10].
The peak IOP at night is of great significance for
patients with glaucoma [11]. Previous studies
have shown that when transitioning from a
supine position to a lateral position, IOP in the
lower eye increases further [12]. Aerobic exercise
can reduce IOP [13]. This means that there is a
certain correlation between IOP and body
position. As a result of varying lifestyle habits,
different patients may spend extended periods
in positions that favor an increase in IOP. This
could potentially influence the prognosis of
glaucoma. Avoiding the increase in IOP during
fluctuation may improve the prognosis of
patients with glaucoma [14]. The head tilted
downwards position is a common posture in
daily life, and there is currently limited research
on the changes in I0OP during such positions.
There has also been little research on IOP fluc-
tuations in the same patients with glaucoma
who are in different body positions. IOP tends
to decrease with increasing age [15], and sensi-
tivity to IOP fluctuations may also increase with
age [13]. Further research is needed to investi-
gate the positional IOP fluctuations among dif-
ferent age groups.

In this study, we focused on patients with
primary open-angle glaucoma (OAG) and mea-
sured IOP in eight different positions, including
the head tilted downwards position. We inves-
tigated the patterns of IOP changes in various
positions among patients with OAG.
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METHODS

Study Design

This prospective study included 74 patients
(148 eyes) with OAG who visited the outpatient
department of Beijing Tongren Hospital
between January 2022 and March 2023. This
was an observational study to examine the
fluctuation of IOP under different postures. All
participants signed an informed consent form
before accepting the study. The study followed
the tenants of the Declaration of Helsinki and
has been approved by the Ethics Committee of
Beijing Tongren Hospital (Beijing, China) affil-
iated to Capital Medical University (MR-11-22-
009185).

Patients

The inclusion criteria for the patients were as
follows: (1) diagnosis of primary open-angle
glaucoma (POAG) or juvenile open-angle glau-
coma (JOAG); (2) age between 18 and 80 years;
(3) no history of ocular surgery within the past
3 months; (4) voluntary cooperation with the
necessary IOP examinations, and provided
informed consent.

The exclusion criteria were as follows: (1)
angle-closure glaucoma or other types of OAG;
(2) ocular conditions that prevent IOP mea-
surement, such as corneal inflammation, cor-
neal edema, and corneal scars; (3) other
conditions apart from glaucoma that could
affect IOP assessment, such as larger intraocular
or orbital masses, and iris neovascularization;
(4) history of ocular surgery within the past
3 months; (5) inability to provide informed
consent for various reasons.

Diagnosis of POAG and JOAG

Patients were diagnosed with POAG if they had
glaucomatous defects in the visual field (VF) test
and IOP > 21 mmHg on at least two occasions,
with open angles, supported by distinct glau-
comatous optic neuropathy. When the fixed
loss was below 20% and the false-positive and
false-negative errors were less than 15%, the VF
test was considered reliable [16]. The diagnosis
of JOAG encompassed the signs of POAG in

individuals younger than 40 years [17]. Cate-
gorized by visual field damage, all patients was
divided into mild (mean deviation
[MD] > — 6dB), moderate (MD between — 6
and — 12 dB), and severe glaucoma (MD worse
than — 12 dB) [18, 19].

Assessments

Measurement Method of I0P Fluctuation

The IOP measurements were conducted in dif-
ferent positions and during walking for patients
with OAG, with the aim to investigate the
fluctuation patterns of IOP in various positions
and their associated factors. The sequence of
positions included supine, left lateral decubitus,
right lateral decubitus, head tilted downwards
position with immediate head-up, seated posi-
tion, seated with head tilted downward, stand-
ing position, and walking. For all these
positions, we ensured that both eyes were
looking straight ahead. In the head tilted
downwards position, the angle of head tilt rel-
ative to the sagittal plane was 30°. Each position
was maintained for 5 min before measurement,
and the participants remained awake with open
eyes. Patients had taken a 5-min break between
measuring IOP in different postures in this
study. Eye pressure measurements were per-
formed using the Icare tonometer (Icare PRO;
Icare Finland Oy, Helsinki, Finland). All of the
measurements were conducted between
9:00 AM and 11:00 AM. A total of six measure-
ments were taken by the same examiner and
averaged for each time point, with each mea-
surement completed within 30s, as shown in
Fig. 1.

Statistical Analysis

SPSS26.0 (IBM, Chicago, USA) software was used
to process data. The measurement data such as
IOP values were tested for normality. The con-
tinuous variables conforming to the normal
distribution were described by the mean and
standard deviation. The comparison of IOP
values among different body positions was
based on a paired-sample t test, while the com-
parison of IOP changes among different groups
was based on an independent-sample f test.
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One-way analysis of variance (ANOVA) was
used for comparisons among multiple groups.
Linear regression analysis was performed to
examine the correlation between elevation of
eye position and IOP. If the data did not con-
form to the normal distribution, they were
described by the median and the upper and
lower quartiles. The differences were statisti-
cally significant if p was lower than 0.05.

RESULTS

Demographic and Baseline Characteristics

Among the 74 enrolled patients, there were 25
(33.78%) women and 49 (66.22%) men. In each
subject, both eyes were examined, resulting in a
total number of 148 examined eyes. A total of
38 (51.35%) patients were diagnosed with
POAG, and 36 (48.65%) cases were diagnosed
with  JOAG. The mean I10P was
20.86 £ 6.59 mmHg, and number of 10P-low-
ering medications used was 3.26 + 1.26. The
study involved all patients receiving treatment.
A total of 34 eyes (22.97%) had a history of
previous glaucoma surgery, including tra-
beculectomy (16 eyes, 10.81%), minimally
invasive glaucoma surgery (MIGS) (15 eyes,
10.14%), and glaucoma drainage implant (3
eyes, 2.03%). The rest received medication. Data

P5 P6

Fig. 1 The measurement of IOP in different body positions

regarding central corneal thickness, axial
length, and anterior chamber depth for surgical
subjects are presented in Table 1.

IOP Values and IOP Fluctuation

A total of 74 participants (148 eyes) were
included in the measurement of IOP in different
body positions. In all of the participants, the
IOP measurements were conducted in eight
different positions, including the supine posi-
tion, left lateral decubitus position, right lateral
decubitus position, seated position with imme-
diate head elevation (transient head tilted
downwards), seated position, seated position
with head lowered then elevated, standing
position, and walking. The average IOP for these
eight positions was as follows:
23.05 £+ 8.12 mmHg, 24.63 + 7.88 mmHg,
25.29 £ 8.62 mmHg, 21.41 £+ 6.86 mmHg,
20.86 + 6.59 mmHg, 22.65 + 8.52 mmHg,
19.82 £+ 6.59 mmHg, and 19.20 £+ 6.45 mmHg.
Because routine clinical IOP measurements are
taken in a seated position with eyes looking
straight ahead, the variations in IOP in other
positions were compared with the seated posi-
tion with eyes straight ahead. Compared with
the seated position with eyes looking straight
ahead, the supine position, left lateral decubitus
position, right lateral decubitus position, and
head-lowered position were associated with a

P4

P7 5 P8
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Table 1 Basic characteristics of the included subjects

Parameter Total
Number of patients, 7 74

Number of eyes, 7 148

Gender, 7 (male/female) 49/25

Age, years 4295 + 17.76
IOP, mmHg 20.86 £ 6.59
Central corneal thickness, pm 533.19 £ 37.68
Axial length, mm 25.36 £+ 1.87
Anterior chamber depth, mm 3.17 £+ 0.46
Mean deviation, dB 18.28 £ 10.19
Glaucoma medications, 7 326 + 1.26

Diagnosis
POAG, 7 (%)
JOAG, 7 (%)

38 (51.35%)
36 (48.65%)

Number of eyes with previous surgeries, 34 (22.97%)
n (%)

16 (10.81%)
15 (10.14%)
3 (2.03%)

Trabeculectomy, 7 (%)
MIGS, 7 (%)

Glaucoma drainage implant, 7 (%)

POAG primary open-angle glaucoma, JOAG juvenile open-
angle glaucoma, MIGS minimally invasive glaucoma
surgery

higher IOP, with statistical significance
(p <0.001). In contrast, compared with the
seated position with eyes looking straight
ahead, the standing and walking positions were
associated with a lower IOP, with statistical
significance (p = 0.008, p < 0.001, respectively).
IOP was higher in the left lateral decubitus and
right lateral decubitus positions than in the
supine position, with statistical significance
(p=0.008, p=0.001, respectively). IOP
decreased in the walking position compared
with the standing position, with statistical sig-
nificance (p < 0.001). There was a negative
correlation between the height of the eye posi-
tion and the change in IOP, with statistical

significance (r = 0.037, p < 0.001) as shown in
Table 2 and Figs. 2 and 3.

Postural Changes in IOP in Different Age
Groups

The participants were divided into three aged
groups, namely 18-35 years, 36-53 years, and
54-71 years. The total number of cases (eyes) in
the three groups was 29 (58), 22 (44), and 22
(46), respectively. There were no significant
differences in seated IOP and MD values among
the three groups (p = 0.081, p = 0.106, respec-
tively). The difference between the IOP in vari-
ous positions and seated IOP was calculated as
the IOP variation for each position. There was
no statistically significant difference in the
changes in intraocular pressure between the
three groups of subjects in the supine, left lat-
eral decubitus, right lateral decubitus, head til-
ted downwards position with immediate head-
up, seated with head tilted downward, standing
position, and walking (p =0.372, p=0.116,
p=0.902, p=0.230, p=0.872, p=0.377,
p = 0.220) (Table 3 and Fig. 4).

DISCUSSION

In this study, we measured IOP in various
positions among patients with OAG. To the best
of our knowledge, this is the first comprehen-
sive investigation of positional IOP measure-
ments specifically in patients with OAG, and it
is also the first study investigating the changes
in IOP in patients with OAG during head tilted
downwards positioning.

In this study, we observed the pattern of
changes in IOP among the patients with OAG in
response to different body positions. Overall,
we found that as the body position became
more elevated, there was a trend of decreasing
IOP. The IOP in three different sleeping posi-
tions and the IOP in the head tilted downwards
position were higher than the IOP in the seated
position. Additionally, the lateral sleeping
position showed a higher IOP than the supine
position. To minimize factors that could affect
the accuracy of the results of this study, the IOP
measurements in all of the positions were taken
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Table 2 Intraocular pressure (IOP) in different body positions with intergroup comparison

Comparison Group IOP (mmHg) Mean difference (mmHg) t statistic p value

P1-P5 P1 23.05 £ 8.12 2.19 £+ 336 7.660 < 0.001
Ps 20.86 £ 6.59

P2-Ps P2 24.63 £ 7.88 4.04 £ 7.85 5.778 < 0.001
Ps 20.86 £+ 6.59

P3-P5 P3 2529 + 8.62 4.65 + 8.37 6.313 < 0.001
Ps 20.86 £ 6.59

P4-P5 P4 2141 £ 6.86 0.44 £ 7.21 0.658 0.512
Ps 20.86 £+ 6.59

P6-P5 P6 22.65 £+ 852 1.83 £ 6.01 3.575 < 0.001
P5 20.86 £ 6.59

P7-P5 P7 19.82 £+ 6.59 — 0.68 + 2.74 — 2.69%4 0.008
Ps 20.86 £ 6.59

P8-P5 P8 19.20 £+ 6.45 — 1.94 £+ 3.03 — 6.047 < 0.001
Ps 20.86 £ 6.59

P2-P1 P2 24.63 £ 7.88 2.04 £ 8.48 2713 0.008
P1 23.05 £ 8.12

P3-P1 P3 2529 £ 8.62 2.66 £ 9.10 3.332 0.001
P1 23.05 £ 8.12

P7-P8 P7 19.82 £ 6.59 1.18 £ 2.46 4.322 < 0.001
P8 19.20 £+ 6.45

IOP intraocular pressure, PI supine position, P2 left lateral position, P3 right lateral position, P4 seated position with rapid

head lowering followed by immediate head elevation and forward gaze, PS seated position with forward gaze, P6 seated

position with sustained head downward tilt, P7 standing position, P8 walking, paired 7 tests, statistical significance

(p < 0.05)

with the patients keeping their eyes open. Any
change in posture leads to the redistribution of
gravitational fluids [20]. As a result of the
eccentric position of the eyes, when transition-
ing from a lying down position to standing, the
eyes are exposed to particularly significant
pressure changes [21]. Aqueous humor enters
the aqueous veins through the anterior cham-
ber and eventually returns to the bloodstream,
circulating back to the heart [22]. Compared
with the seated position, the decrease in the
vertical distance between the eyes and the heart

in three different sleeping postures and the
head tilted downwards position could lead to an
increase in IOP. The reduction in gravitational
potential energy associated with the drainage of
aqueous humor into the heart might contribute
to the elevation of IOP. Compared to supine
position, lateral position requires more gravity
to overcome when aqueous humor flows out.
This could be one of the main reasons for the
elevation of IOP in these postures compared to
the seated position. A study conducted in
astronauts before and after spaceflight revealed
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Fig. 2 Changes in intraocular pressure in different postures
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Fig. 3 The intraocular pressure fluctuates with the height
of the body position

that IOP increased by 1.3 mmHg under
weightlessness conditions after flight, and acute
exposure to lower body negative pressure of
25 mmHg led to a decrease in IOP relative to the
preflight levels [23], which highlights the
influence of gravity on IOP. In addition, the
sympathetic nervous system and the parasym-
pathetic nervous system are involved in the
regulation of IOP [24]. Compared with the
seated position, in these postures, enhanced
sympathetic nerve stimulation leads to an

increased secretion of epinephrine, enhanced
atrial conduction, and an accelerated heart rate
[25]. Local administration of epinephrine can
lead to an increase in Schlemm’s canal diameter
and trabecular meshwork width, thereby
resulting in a reduction in IOP [26].

Two studies regarding the effects of tight
neckties on IOP suggest that, in both healthy
individuals and patients with glaucoma, 10P
increases 3 min after placing a tight necktie
[27, 28]. The jugular veins are typically posi-
tioned more supetficially than the carotid
arteries. The head tilted downwards position
could potentially result in an increase in jugular
venous pressure, leading to congestion of the
choroid and increased choroidal blood volume
[29], elevated IOP, and an increase in the epis-
cleral venous pressure [30], thereby resulting in
an increase in IOP.

Accurate 24-h IOP monitoring is crucial for
patients with POAG. In the 24-h IOP measure-
ments, some patients exhibit nocturnal 10P
elevation. The present study showed that
maintaining a supine position while awake with
eyes open also led to an increase in IOP, indi-
cating that body posture is one of the important
factors contributing to the elevated IOP during
sleep. However, in a 24-h 1OP measurement, if
the patient walks to the examination room
before measurement or sits on the edge of the
bed for a seated position measurement, the true
IOP in the patient’s sleep position cannot be
obtained. The most accurate method for mea-
suring nighttime IOP in a 24-h measurement is
to have the examiner positioned bedside while
the patient maintains a supine position. As a
result of the variations in IOP among the three
sleeping positions, in order to obtain more
accurate measurements of nighttime IOP, when
monitoring the 24-h fluctuations of IOP at dif-
ferent time periods, all nighttime IOP mea-
surements should be taken in the same sleeping
posture. Our recommendation is that patients
with OAG who rest in bed and stay awake may
have lower IOP in the supine position compared
to the lateral position. Multiple studies suggest
that patients with well-controlled daytime 10P
but elevated nighttime IOP, especially those
who habitually sleep in lateral positions, could
benefit from adjusting their sleeping posture to
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Table 3 Postural changes in intraocular pressure in different age groups

AIOP 18-35 years 36-53 years 54-71 years [ statistic p value

Number of patients (eyes), 7 29 (58) 22 (44) 22 (46) - -

P5 (mmHg) 21.96 £ 6.99 21.37 £+ 5.40 19.06 + 6.81 2.556 0.081

Mean deviation, dB 19.70 £ 9.39 19.84 £+ 10.58 14.38 £+ 10.14 2.308 0.106
P1 (mmHg) 3.11 £ 11.54 5.68 + 11.35 2.68 £+ 9.337 0.997 0.372
P2 (mmHg) 3.13 £ 6.40 5.13 £ 4.85 3.00 &£ 2.99 2.189 0.116
P3 (mmHg) 4.61 £ 493 417 £ 522 433 £ 3.78 0.103 0.902
P4 (mmHg) — 0.57 £ 5.30 1.16 £ 4.50 0.44 £ 3.44 1.490 0.230
P6 (mmHg) 3.48 £+ 13.49 421 £ 11.07 292 £+ 9.68 0.137 0.872
P7 (mmHg) — 054 + 11.26 2.60 £ 10.01 0.28 + 8.61 0.983 0.377
P8 (mmHg) 0.17 &+ 10.36 3.13 £+ 14.13 — 1.89 £ 8.83 1.541 0.220

IOP intraocular pressure, PI supine position, P2 left lateral position, P3 right lateral position, P4 seated position with

immediate head elevation, PS seated position, P6 seated position with head-down position, P7 standing position, P8

walking, paired # tests, statistical significance (p < 0.05)

204
-o- 18-35 years

-8~ 36-53 years
-o- 54-71 years

IOP Changes ( mmHg)

-20 1 I 1 1 T 1 1
PI P2 P3 P4 P6 P7 P8

different postures

Fig. 4 Postural intraocular pressure fluctuations in patients

of different age groups

a supine position, so as to potentially reduce
their nocturnal IOP. Apart from sleep, other
factors such as lying on a sofa in a lateral posi-
tion while watching TV at home could also
elevate IOP in patients with OAG. Therefore, it
is recommended that such patients minimize
the duration of such positions.

The head tilted downwards posture is com-
monly encountered within the population. For
individuals whose daily work involves pro-
longed seated computer use in an office setting,
as well as other professions that require fre-
quent sustained head tilted downwards pos-
tures, the cumulative time spent in a head tilted

downwards position during working hours,
along with the additional time spent using
smartphones after work, might exceed 10 h per
day. This fluctuation in IOP, due to its pro-
longed duration during daylight hours, extends
beyond the scope of short-term IOP variations
and may potentially contribute to visual field
progression. Previous research has indicated
that even with well-controlled IOP, significant
fluctuations resulting from posture changes can
lead to visual field deterioration [31]. Therefore,
for patients with OAG, it is advisable to mini-
mize the frequency of assuming a head tilted
downwards position in daily activities. For
example, when reading, one can use a book
stand to adjust the height of the book, thereby
maintaining an eye-level position while read-
ing. Adjusting daily postures in this manner can
help reduce the fluctuations in IOP.

In this study, we found that the IOP was
lower in the standing and walking positions
than in the sitting position. Additionally, the
IOP was lower while walking than while stand-
ing. The act of standing upright or walking is
associated with a temporary reduction in cen-
tral blood volume, leading to a decrease in car-
diac output and mean arterial pressure [32]. The
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decreases in cardiac output and mean arterial
pressure can be compensated for by the arterial
pressure reflex, which increases peripheral vas-
cular resistance and heart rate [33]. When vas-
cular resistance decreases and heart rate
increases, the increased venous return to the
heart may facilitate the drainage of aqueous
humor into the aqueous veins, potentially
leading to a reduction in IOP. Additionally,
previous research has confirmed that aerobic
exercise can result in a decrease in 10P [34].
Resistance exercise can lead to an increase in
IOP [35], which positively correlates with the
magnitude of resistance [36]. The heart rate and
respiratory rate are higher in standing and
walking postures than in the seated position. A
study investigating the effect of respiration on
IOP during resistance training in healthy indi-
viduals of different genders reported that IOP
increased when the respiratory rate decreased
and the residual volume increased, and there
were no differences among the gender groups
[36]. The aqueous humor drainage pattern is
driven by the heart, and under the influence of
the aqueous humor outflow pump system, it is
pumped out of the eye at the same frequency as
the heart rate [37]. Therefore, the enhancement
of cardiac function accompanied by an increase
in the heart rate, as well as the accelerated res-
piratory rate, may be reasons that contribute to
the reduction of IOP. Therefore, there is valu-
able guidance for the daily postures of patients
with POAG. It is recommended that patients
increase their time spent standing and engaging
in physical activity in their daily lives, as this
may help maintain lower IOP. Additionally, the
accuracy of IOP measurement is crucial for
patients with glaucoma. We suggest that
patients with glaucoma, when visiting the clinic
for IOP measurement, should be instructed to
maintain a calm seated position for at least
5 min before the measurement to obtain more
accurate data. If the patient’s posture before
measuring IOP is not standardized, such as
when measuring seated IOP immediately after a
long walk or measuring seated IOP immediately
after prolonged standing, inaccurate seated IOP
readings can be obtained. IOP measurements
should adopt the same rules as blood pressure
measurement, which requires maintaining a

quiet state for at least 10min before
measurement.

In our study, there was no significant differ-
ence in IOP when comparing the IOP immedi-
ately after transitioning from sitting with a
lowered head to sitting upright. The transition
from a lowered head position to an upright
position is a movement that we constantly
perform in various aspects of life, such as during
travel, work, and in the classroom. We chose to
measure this position to observe the immediate
changes in IOP upon transitioning from a low-
ered head position to an upright position. This
suggests that the act of raising the head does
not lead to an increase in IOP or may only cause
a momentary change in IOP that is not
measurable.

Since conventional IOP measurements are
typically performed in a seated position, this
study used the difference between IOP in vari-
ous positions and seated IOP as the measure of
IOP variation in different positions. There were
no significant differences in the fluctuations of
IOP in different postures among different age
groups. Aging is associated with the progression
of glaucoma, and one of the reasons for faster
glaucoma progression at older ages is the initial
intervention [38]. As age increases, a decrease in
lung capacity may require deeper breaths dur-
ing exercise, which may limit the range and
intensity of physical performance [39]. Further
research is needed to confirm the relationship
between age and IOP fluctuations.

A limitation of this study is that, while
investigating the positional changes in IOP,
additional data such as pupil diameter, episcle-
ral venous pressure, anterior chamber depth,
and other relevant factors were not simultane-
ously collected. In future research, it would be
beneficial to incorporate the measurement of
more related factors and extend the duration
and frequency of follow-up to observe the cor-
relation between the positional fluctuations in
IOP and the rate of visual field progression.

CONCLUSIONS

The observed variations in IOP with different
body positions, as found in this study, offer
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valuable guidance for patients with glaucoma.
By providing recommendations for patients’
sleeping postures and daily activities one can
minimize fluctuations in IOP. Furthermore, the
conclusions drawn from this study suggest that
accurate nighttime IOP measurements should
be obtained while patients are in their sleeping
postures during 24-h IOP monitoring, rather
than in a seated position. For the diagnosis and
treatment of glaucoma, it is also advised that
IOP measurements should be taken after the
patient has maintained a seated level gaze
position for at least 5min, as this can yield
more reliable IOP readings. The accuracy and
reliability of IOP measurements are crucial for
the diagnosis and treatment of glaucoma, and
the conclusions drawn from this study can
contribute to obtaining more dependable data
in clinical settings. In the future, further
research is needed to explore the factors that
influence posture-related changes in IOP and
their association with glaucoma.
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