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Abstract

Purpose To evaluate the effects of different

methods of head elevation on intraocular

pressure (IOP) in healthy young subjects.

Methods Twenty-four healthy young Korean

subjects were included in this prospective

observational study. The IOP measurements

were taken with the subjects in the sitting

position and in the supine positions with the

head flat and 301 up using two different

methods: (1) raising the bed head and (2)

using multiple pillows. IOP was measured

using Tonopen AVIA in both eyes 10 min

after assuming each position in a randomized

sequence. The Wilcoxon signed-rank test was

used to compare the IOP by changing the

methods of head elevation.

Results Mean IOP of both eyes when

sitting was lower than that measured in the

supine position with head flat (P¼ 0.001).

Compared with that measured in the supine

position with head flat, the mean IOP was

lower when measured in the supine position

with the head kept 30 1 up by bed head

elevation (P¼ 0.001), whereas the mean IOP

was not significantly different when

measured in the supine position with the

head elevated using multiple pillows

(right eye, P¼ 0.061; left eye, P¼ 0.089).

Conclusion In normal subjects, IOP was

lower when measured in the supine position

with the head kept up by the bed head

elevation compared with that measured when

lying flat. However, such head-up position-

induced IOP reduction was not found when

the head was kept up using multiple pillows.

These findings suggest that elevating the

head using multiple pillows may not help to

reduce IOP in the supine posture.
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Introduction

Elevated intraocular pressure (IOP) has been

shown to influence the development of

glaucomatous optic neuropathy.1,2 In addition

to elevated IOP, factors such as ocular blood

flow,3 racial factors,4 refractive errors,5 genetic

factors,4 and low cerebrospinal fluid pressure6

have been associated with the glaucoma

pathogenesis. However, IOP is the only

modifiable risk factor; IOP lowering is the only

proven therapy to prevent or slow down the

development or progression of glaucoma.1,2,7

The different means of lowering IOP include

medication, laser treatments, and filtering

surgery.8 Among these modalities, medical

therapy is usually the first choice because one

can avoid potential vision-threatening

complications that may occur after surgical

interventions. Although medical therapy has

been shown to effectively reduce IOP, it often

fails to prevent the progression of glaucoma

because of poor compliance, local or systemic

adverse effects, and non-responsiveness.

Glaucoma may even progress in some patients

despite medically well-controlled office IOP.7

Because glaucoma is a chronic progressive

disease and laser or surgical treatments do not

always provide a total cure, it would be good to

have another means of lowering IOP before

moving on to surgical options.

Similar to management of glaucoma, the

mainstay of systemic hypertension management

is blood pressure-lowering medication.

However, if a patient newly diagnosed as
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systemic hypertension has mild risk factors and the

degree of blood pressure elevation is not severe, lifestyle

modification (for example, quit smoking, avoid fat-rich

meals, or do regular physical exercises) is usually

recommended before commencing medical treatment.9

Lifestyle modification is also recommended to patients

with systemic hypertension who begin to take anti-

hypertensive medication. Thus, it would be useful for

management of glaucoma patients if modification of a

certain factor in his or her lifestyle helps to reduce IOP.

Body posture is one of the factors influencing the

fluctuation of IOP.10 Compared with the upright posture,

IOP has been shown to increase in the horizontal

postures (supine,11–17 prone, or lateral decubitus18–24) in

healthy and glaucomatous eyes. Such posture-induced

IOP rise has been associated with progression of

glaucomatous damage.21,22,25 Some researchers studied

the effect of sleeping in a head-up position using a wedge

pillow in glaucoma patients26,27 and healthy subjects,27

and they demonstrated reduction of mean IOP by

1.5–3.2 mm Hg in the head-up position compared with

the flat position. However, keeping the head up can be

achieved by other methods such as using multiple

pillows (MP) or raising the head of the bed.

We conducted this study to investigate the effects of

head elevation on IOP in healthy young subjects and

compare the two different methods of head elevation in

their effects on IOP.

Materials and methods

This is a prospective, observational study. Ethical

approval was obtained from the institutional review board

of the Korea University Anam Hospital. The study was

conducted in adherence to the tenets of the World Medical

Association’s Declaration of Helsinki. Written informed

consent was provided by each subject before participating

in the study. We recruited healthy Korean adults younger

than 40 years. Each participant had completed a general

physical check-up within 1 year, demonstrating the

absence of any systemic disease. The subjects underwent

comprehensive ophthalmic examinations.

Subjects were excluded if they met one of the following

criteria: (1) presence of retinal disease; (2) previous ocular

surgery; (3) family history of glaucoma; (4) best-corrected

visual acuity o20/40; (5) IOP of 22 mm Hg or greater;

(6) refractive error exceeding a spherical equivalent of

9 diopters or astigmatism of 2 diopters; (7) trabecular

meshwork not visible in any quadrant on static

gonioscopy; or (8) glaucomatous optic disc changes, such

as excavation, thinning, or notching of the neuroretinal

rim, and disc hemorrhages.

IOP measurements were conducted between 1800 and

2000 hours. A single observer measured IOP in both the

eyes using a single Tonopen AVIA (Reichert Inc., Depew,

NY, USA) for each position. IOP readings were obtained in

the right eye first. Proparacaine hydrochloride 0.5% solution

was used as a local anesthetic. The Tonopen was calibrated

in accordance with the Tonopen AVIA manual before the

measurements for each posture were taken. Measurements

were made with the probe perpendicular to the corneal

plane and along the visual axis. IOP value for each posture

was the mean of two consecutive measurements that were

within 2 mm Hg and that had o5% error as indicated on

the Tonopen or the median of three measurements if the

first two differed by 3 mm Hg or more.28

To allocate a randomized sequence of IOP

measurements in different recumbent positions (1) flat,

(2) head-up with bed head elevation (BHE), or (3) head-

up with MP, each subject was asked to pick one card,

where different positions were written on the back, one

after another until all the three cards were open. Thus,

each participant was informed about the sequence of

changing the aforementioned recumbent postures. Before

commencement of the IOP measurements, the subjects

were rested with the bed head 301 elevated and the level

(height from the ground) of the subject’s eyes was

marked on the wall so that the level of the eyes thus

obtained should be equally as high as that when the head

was elevated using MP (Figure 1).

First, each participant was asked to sit on a chair in a

quiet room under dim light conditions. Ten minutes later,

IOP was measured in the sitting position. Then, the

participant was asked to lie down on a bed, flat or head-up

according to the sequence predetermined in the

aforementioned manner. We measured IOP 10 min after

adopting each posture. For head-up postures, two different

methods were used: (1) one half of the bed, where the head

and the upper torso were rested, was elevated at 301

(BHE); and (2) two or three pillows were placed

underneath the subject’s head (MP) so that the level of both

eyes would be the same as in the BHE method (Figure 1).

Statistics

A pilot study revealed that the SD of IOP difference of

right eye between the two head-up positions (BHE vs

MP) was 2.9 mm Hg (2.9 mm Hg for left eye). A sample

size calculation, using G*Power software (version 3.0.10;

Universität Kiel Dusseldorf, Germany) with a¼ 0.05,

determined that 24 patients would be required to detect

an IOP difference of 42.0 mm Hg between those two

different head-up positions at a SD of 2.9 mm Hg during

changes of head elevation with a power of 80%.

All statistical analyses were performed using SPSS

version 18.0 (SPSS Inc., Chicago, IL, USA). The Wilcoxon

signed-rank test was used to compare the axial length,

central corneal thickness, refractive errors, and IOP
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measured by Goldmann applanation tonometer, and also

to assess the intereye IOP differences in each position.

The Wilcoxon signed-rank test with Bonferroni correction

was used to compare the IOP by changing the methods

of head elevation. A P-valueo0.05 was considered

significant unless the Bonferroni correction method for

multiple comparison was utilized, in which case a

Po0.017 was considered significant.

Results

Twenty-four subjects participated in this study. Thirteen

subjects were male and 11 were female with a mean age

of 26.7±1.3 years. The subjects’ demographic data are

summarized in Table 1. Mean IOPs by Goldmann

applanation tonometry, mean refractive errors (spherical

equivalent), mean axial lengths, and mean central

corneal thickness did not differ between fellow eyes of

the subjects.

Table 2 lists the IOP measurements obtained in the

sitting position and in the supine positions with the head

flat or elevated using different methods. No significant

difference was found between fellow eyes in the sitting

position as well as in all the recumbent positions.

Mean IOP of both eyes when sitting was lower than

that measured lying in the flat position (P¼ 0.001).

Compared with that measured in the supine position

with the head flat, mean IOP was lower when measured

in the supine position with the head up by BHE (right

eye, � 2.6 mm Hg; left eye, � 2.9 mm Hg, both P¼ 0.001),

whereas mean IOP was not significantly different when

measured in the supine position with the head up by MP

(right eye, P¼ 0.061; left eye, P¼ 0.089) (Table 2,

Figure 2). Compared between two different methods of

head elevation, mean IOP was lower when the head was

kept up with BHE (both right and left eye, P¼ 0.001).

Figure 1 Supine postures with different head positions: flat position (a); head-up position obtained by raising the head of bed by 301
(b); head-up position obtained by placing MP beneath the head of the subject (c). Note that the height of the eyes from the ground is
the same in (b) and (c).

Table 1 Baseline characteristics of subjects (n¼ 24)

Right eye Left eye P-valuea

IOP (mm Hg) 13.4±2.1 13.0±2.2 0.103
SE (diopter) � 2.78±2.55 � 2.54±2.59 0.635
AL (mm) 25.1±1.2 25.0±1.1 0.909
CCT (mm) 547.9±29.9 551.2±25.0 0.932

Abbreviations: AL, axial length; CCT, corneal central thickness; IOP,

intraocular pressure; SE, spherical equivalent.
a Wilcoxon singed-rank test.

Table 2 Intraocular pressure in the sitting and the supine
positions with head flat and elevated using different methods

Position
Intraocular pressure (mm Hg)

Right eye
(mean±SD)

Left eye
(mean±SD)

P-valuea

Sitting 13.5±2.0 13.2±2.3 0.139
Supine flat 16.8±2.3 17.0±2.3 0.318
Supine head-up with BHE 14.2±2.3 14.1±1.9 0.908
Supine head-up with MP 16.3±2.4 16.5±2.6 0.547

Abbreviaitons: BHE, bed head elevation; MP, multiple pillows.
a Wilcoxon singed-rank test.
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Figure 3 shows the average changes of IOP seen with

two different head-elevating methods in each individual.

Compared with the head flat position, all but one subject

(95.8%) had lower IOP in the BHE head-up position.

The average IOP reduction in the BHE position was

15.9±8.2% with 20 (83.3%) subjects having IOP reduction

410%. However, only 14 (58.3%) subjects had lower IOP

in the MP head-up position. Four (16.5%) had similar

IOP and six (25%) subjects had even higher IOP in the

MP head-up position.

Discussion

Postural modification has long been used as adjuctive

therapy in the management of several diseases such as

congestive heart failure, obstructive sleep apnea,

bronchial asthma, and gastroesophageal reflux.29

Positioning of the head and body is also important in the

management of retinal disorders. Prone positioning is

commonly recommended to the vitrectomized patients in

the early postoperative period to promote the attachment

of retinal breaks.30 In cases with inferior retinal breaks,

patients are asked to keep the head up to prevent the

expansion of the breaks while awaiting vitreoretinal

surgeries. Head-up positioning is also recommended to

patients with vitreous hemorrhages and hyphema.

Recently, there have been some papers on the beneficial

effects of sleeping with the head up on IOP. Buys et al26

investigated the 24-h IOP and blood pressure in 17

normal-tension glaucoma patients with controlled office

IOPs and new disc hemorrhages. In their study, the 301

head-up sleeping position lowered IOP by 3.2 mm Hg

without significant alteration in ocular perfusion pressure

compared with the flat position. Lazzaro et al27 also

studied the effect of sleeping in a 201 head-up position in

15 glaucoma patients and 15 nonglaucoma patients. They

demonstrated lower nocturnal IOPs (� 1.5 mm Hg) with

head-up position as compared with the head-flat position

in patients with and without glaucoma. In agreement with

these findings, the present study found a significant drop

in IOP (� 2.8 mm Hg) when measured in a 301 head-up

position with BHE compared with the flat position. In

terms of level of IOP, these observations together suggest a

potentially beneficial role of postural change in the

management of glaucoma.

Although the head-up positioning has consistently

been shown to lower IOP in patients with or without

glaucoma, it is important to note as to how the head was

kept up in those studies. In the two previous studies,26,27

a wedge pillow was used for head-up positioning. In our

study, we kept the patient’s head up by elevating the

head of the bed. By using either method, not only the

head but also the upper torso is raised. However, few

studies have investigated as to how other methods of

head elevation influence IOP.

In addition to wedge pillows and BHE, one can use

MP to keep the head up during sleep. In many Asian

countries, a number of people sleep on the floor and

wedge pillows are not used commonly. For such non-bed

users, sleeping in a head-up position translates into using

MPs when a wedge pillow is not available. In the present

study, we found that the head elevation using MP did not

lower IOP when compared with the flat position.

Compared with the BHE, IOP was significantly higher

with the MP. To our knowledge, this is the first study

to investigate the effect of the head elevation using MP

on IOP.

Unlike the other methods that provide elevation of the

entire upper torso, using MP leads to elevation of only

the head and neck. The resultant craniocervical flexion

may compress the neck vessels and increase episcleral

venous pressure, thereby offsetting the IOP decrease seen

with the other head-elevating methods. In line with this,

Figure 2 IOP in the sitting and the supine positions was
measured with the head kept flat and elevated using different
methods. Wilcoxon singed-rank test for multiple comparisons
using Bonferroni correction was performed. *Po0.003 vs lying
flat, wPo0.003 vs MP.

Figure 3 Individual changes in IOP with alterations of head
position from the flat to the elevated position using two different
methods.
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Malihi and Sit20 found a significant increase in IOP

during neck flexion when measured in the sitting

position in healthy subjects. In the current study, we

found that IOP even increased in 6 of the 24 subjects

when the head was elevated with MP compared with

that measured in the flat position. Such an elevation in

IOP was not found with the BHE method in any of the

participants in this study. Although it needs to be studied

and confirmed in glaucoma patients, our findings

suggest that using MP may not be a good way of keeping

the head up for all glaucoma patients in bed.

This study has some limitations. First, the study

includes only healthy young individuals. Hence, the

current study finding cannot be directly extrapolated into

glaucoma patients or elderly subjects. Second, we did not

perform IOP measurements under nocturnal sleeping

conditions in a sleep laboratory. Multiple physiologic and

environmental conditions may affect IOP in nocturnal

and wake periods. The laboratory environment of this

study cannot reflect the same physiologic and

environmental conditions of subjects. Third, the short

duration of maintaining each position and keeping the

head elevated at a fixed angle (301) may be another

limitation. The magnitude of IOP alterations may

fluctuate according to the duration of time spent and the

degree of tilt in various positions.31 Fourth, we did not

check ocular perfusion and cerebrospinal fluid pressure.

Low ocular perfusion pressure32 and low cerebrospinal

perfusion pressure6 may have a role in the development

of glaucoma.

In conclusion, head elevation-induced IOP reduction

may not be obtained when the head is kept up using MP.

These findings suggest that elevating the head using MP

may not help to reduce IOP in supine postures. However,

further studies are required to verify the clinical

implications of our observations.

Summary

What was known before

K Body posture is one of the factors influencing the
fluctuation of IOP.

K Recent studies investigated the effect of sleeping in a
head-up position on IOP in healthy subjects and
glaucoma patients.

K Compared with the head-flat position, IOP was lower
when the head was elevated using a wedge pillow.

What this study adds
K Methods of head elevation also include raising the bed

head and using MP.

K Elevation of the bed head significantly lowered IOP in
healthy subjects.

K The present study found that head elevation using MP
may not lower IOP when compared with the flat position.
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