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Purpose: SCUBA diving exposes participants to a unique hyperbaric environment, 
but few studies have examined the effects of such an environment on intraocular 
pressure (IOP) and glaucoma. This systematic review aims to consolidate recent 
literature findings regarding the impact of increased atmospheric pressure on 
IOP and glaucoma.

Methods: Three online databases were searched to identify publications 
encompassing the subjects of diving or increased atmospheric pressure in 
conjunction with IOP or glaucoma. Three reviewers independently screened 
the publications and identified eligible articles. Relevant data was extracted from 
each article. The heterogeneity of the data precluded the conduct of a meta-
analysis.

Results: Nine studies met the inclusion criteria. Six experimental studies 
employed hyperbaric chambers to measure IOP under simulated diving 
conditions. Among these, IOP exhibited a reduction with increased atmospheric 
pressures in four studies, while the findings of two studies were inconclusive. 
One study measured IOP pre- and post-dive and another measured IOP with 
and without a diving mask. Post-dive, a decrease in IOP was observed, and a 
statistically significant reduction was noted when subjects wore a diving mask. 
A retrospective study examining the incidence of acute angle closure glaucoma 
attack found no association with weather or atmospheric pressure.

Conclusion: The majority of studies found IOP to decrease with increased 
atmospheric pressure and after diving. The mechanisms underlying this reduction 
remain incompletely understood, with potential contributors including changes 
in ocular blood flow, sympathetic responses, and increased oxygenation. 
Hyperbaric chambers may have potential in future glaucoma treatments, but 
more studies are required to draw reliable conclusions regarding the safety of 
diving for glaucoma patients.
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Introduction

In recent years, SCUBA diving has seen significant growth in 
global popularity as both a professional and recreational activity (1, 
2). While relatively safe with appropriate prerequisite training and 
certification, diving is still associated with potential risks. Divers are 
exposed to a hyperbaric environment, defined as an environment with 
increased atmospheric pressure, which may have diverse effects on the 
body, potentially exacerbating various medical conditions (3). 
Consequently, SCUBA diving presents several contraindications, 
including cardiac, pulmonary, otolaryngic, and neurologic diseases (4).

The effects of SCUBA diving on the eye have also been reported. 
These include conditions such as ocular barotrauma, caused by a 
pressure differential between the interior and exterior of the diving 
mask (mask squeeze) (5–7), ophthalmic manifestations of 
decompression sickness (8, 9) such as retinal vein occlusion and 
choroidal ischemia, as well as other ophthalmic manifestations, 
including nystagmus, diplopia, optic neuropathy, and visual field 
defects (10).

While the effects of diving on human physiology (11) have been 
well reported, its ocular manifestations, particularly on intraocular 
pressure (IOP), have been less studied. The relationship between 
diving and IOP can be important in patients with glaucoma, as IOP 
remains a major modifiable risk factor for the disease and has been 
shown to significantly influence disease progression. Glaucoma also 
remains the leading cause of irreversible blindness globally, with its 
prevalence estimated to be as high as 3.5% of adults, between the ages 
of 40 to 80 years old (12).

The hyperbaric environment (13) experienced during diving may 
affect IOP by various mechanisms, including peripheral 
vasoconstriction, as well as increased blood pressure and ocular 
perfusion pressure (14, 15). Besides high atmospheric pressures, 
several other factors experienced during diving, such as cold 
temperatures (16) and increased oxygen concentration (17–20), may 
also affect IOP.

Hence, this systematic review aims to summarize the current 
literature to provide a comprehensive overview of the effects of diving 
and hyperbaric environment on IOP.

Methods

This systematic review was conducted in accordance with the 
guidelines stated in the Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses (PRISMA) (21). An electronic search of 
the PubMed, Medline, and CENTRAL databases was performed from 
the date of database inception until July 1, 2023, as illustrated in 
Figure 1.

We limited our literature search to studies that explored the 
relationship between diving or increased atmospheric pressure, with 
IOP or glaucoma. A combination of subject headings and text 
headings were used to define search terms as needed. Our search 
included the terms “(Intraocular Pressure OR Glaucoma) AND 
(Diving OR Underwater OR Atmospheric Pressure OR Hyperbaric) 
NOT Oxygen.” The decision was made to exclude the term “oxygen” 
from the search criteria to mitigate potential confounding factors, 
such as the inclusion of studies related to hyperbaric oxygen therapy. 
A secondary search was conducted by reviewing the references of all 

retrieved articles and relevant review articles to identify any additional 
potentially pertinent studies.

Three authors (PCL, LSY, BBK) independently assessed studies to 
determine eligibility for inclusion. In the event of discrepancies, 
differences were resolved by a senior author (SD, BCHA). Non-English 
articles and those that did not involve human participants were 
excluded from this review. Full text articles were assessed for eligibility. 
Papers unrelated to atmospheric pressure or diving, with a primary 
focus of high altitude or hypobaric environments, and those published 
over 25 years ago, were excluded from analysis. Ineligible article types 
included case reports, reviews, and letters to the editor. One report 
was excluded as it focused on sport diving.

A risk of bias assessment was performed by two authors (PCL, 
SYM) on applicable studies with the Risk of Bias in Non-Randomized 
Studies—of Intervention (ROBINS-I) tool (see Table  1) (22). 
Discrepancies in assessment were resolved through discussion until a 
consensus was reached.

Results

Study characteristics

Table  2 provides a summary of the key characteristics of the 
included studies. Two hundred and ninety studies were identified of 
which nine were eventually included. Six of the nine included studies 
focused on measuring IOP within hyperbaric chambers to simulate 
the increased atmospheric pressures experienced while diving. One 
retrospective study investigated potential correlations between 
changes in atmospheric pressure and weather patterns with acute 
closed-angle glaucoma attacks. One prospective study examined 
changes in eye parameters before and after SCUBA diving. The final 
study measured the IOP of subjects wearing a SCUBA diving mask, 
compared to baseline.

IOP before and after SCUBA diving

Deleu et al. was the only study reporting IOP readings measured 
pre- and post-diving in a healthy Caucasian population. Their results 
demonstrated a decrease in mean IOP from 16.4 ± 2.0 mmHg to 
14.3 ± 2.3 mmHg (88.1%; p < 0.0001), measured 30 min after a 5-min 
dive to 25 meters, with the Nidek Tonoref III (NIDEK Co., Ltd., 
Tokyo, Japan) (23). This effect was found to be persistent, with IOP at 
the 60-min post-dive timepoint continuing to remain low compared 
to baseline, at 15.0 ± 2.7 mmHg (91.4%; p < 0.0001).

Hyperbaric chamber studies

Various articles studied the results of a high-pressure environment 
on IOP in a controlled setting within the hyperbaric chamber. Mazo 
et  al. reported findings in a healthy population of students and 
instructors at the National Navy Diving and Rescue School in a 
multiplace hyperbaric chamber (24). IOP measurements were taken 
using a Tonopen XL (Reichert, Depew, New York, United States) at 
10 min intervals. Measurements were recorded during simulated 
descent every 20 feet until reaching 2.8 absolute atmospheric pressure 
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(ATA) or 60 feet, and during simulated ascension at 50 and 30 feet. The 
mean adjusted IOP, adjusted for central corneal pachymetry, was 
found to decrease from 14.3 ± 2.2 mmHg to 13.1 ± 2.6 mmHg 
(p = 0.012) as the participants pressurized from sea level to 60 feet (2.8 
ATA). During the depressurization phase to 30 feet, the mean adjusted 
IOP continued to decrease to 11.9 ± 2.7 mmHg (p < 0.001) and rose to 
13.1 ± 2.9 mmHg (p = 0.012) by the end of the session, demonstrating 
a residual effect on IOP even after returning to lower 
atmospheric pressures.

Van De Veire et  al. reported similar results in 27 healthy 
volunteers in a hyperbaric chamber, with the use of a Perkins 
applanation tonometer (Clement-Clarke International, Harlow, 
Essex, United  Kingdom) (25). Mean IOP was found to decrease 
significantly from 11.8 mmHg to 10.7 mmHg in the right eye 
(p = 0.024) and 11.7 mmHg to 10.3 mmHg in the left eye (p = 0.0006) 
when pressure was increased from 1 to 2 bars (equal to conditions 
experienced during underwater diving at 10 m). The IOP remained 
low during the period of the atmospheric pressure increase over 
40 min and was independent of temperature change. Additionally, 
IOP was found to remain decreased from baseline after completion 
of the hyperbaric cycle (60 min), with the IOP in the right eye 
reducing from 11.8 mmHg to 11.0 mmHg and left eye from 
11.7 mmHg to 11.2 mmHg, although these changes did not reach 
statistical significance.

In addition to studying the absolute change in IOP in a high-
pressure environment, two studies also compared measurements 
between IOP measuring devices. Vercellin et  al. performed a 

comparison study between the Perkins applanation tonometry and 
Icare rebound tonometry (Icare, Tiolat Oy, Helsinki, Finland) on 12 
eyes from 12 healthy volunteers (26). Measurements were taken with 
each type of tonometer on a different eye on all patients in a hyperbaric 
chamber at 1, 2, 3, and 4 bar during the compression phase and at 3 
and 2 bar during the decompression phase. An acclimatization period 
of 5 min was given before each measurement. IOP measured with 
applanation tonometry had a mean baseline value of 13.8 ± 2.6 mmHg, 
decreasing to 10.2 ± 1.9 mmHg at 4 ATM (p < 0.0001). Rebound 
tonometry measured a mean baseline IOP of 15.3 ± 2.5 mmHg that 
decreased to 12.3 ± 1.7 mmHg at 4 ATM (p < 0.0001). IOP increased 
toward baseline with both tonometers during decompression. The 
difference between IOP measurements with each tonometer remained 
constant at each measurement.

Albis-Donado et  al. also compared the difference in IOP 
measurements between two IOP measurement devices—the 
Goldmann applanation tonometry (GAT) and dynamic contour 
tonometry (DCT), within a hyperbaric chamber (27). Measurements 
were taken with both tonometers in 44 eyes from 22 healthy volunteers 
at 1, 1.1, 1.2, and 1.25 Queretaro Atmospheric Pressure (QATM). An 
acclimatization period of 5 min was given after each pressure change, 
prior to IOP measurement. The mean IOP measured with the GAT at 
1 QATM was 12.2 ± 2.84 mmHg and measured 11.1 ± 2.8, 11.1 ± 2.5, 
12.4 ± 3.1 mmHg at 1.1, 1.2, and 1.25 QATM, respectively. With the 
DCT, IOP was 16.4 ± 2.8 mmHg at 1 QATM and decreased to 
15.6 ± 3.0, 15.4 ± 2.9, and 14.9 ± 2.7 mmHg at 1.1, 1.2, and1.25 QATM, 
respectively.

FIGURE 1

PRISMA flowchart.
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Two studies examined the relationship between high-pressure 
environments and IOP in post-operative patients. Huang et  al. 
conducted a prospective study to quantify the change in visual acuity 
and IOP with increased atmospheric pressure in eyes that underwent 
refractive surgery, compared to healthy control eyes with no prior 
refractive surgery (28). The study cohort included 6 eyes that had 
undergone radial keratotomy (RK), 5 eyes that had undergone myopic 
laser in situ keratomileusis (LASIK), and 9 control eyes. IOP was 
measured with Tonopen XL before, during, and after exposure to 4 
ATM for 15 min in a hyperbaric chamber. No significant differences 
in IOP between the post-surgical and control groups were observed, 
leading authors to suggest that recreational diving could be  safe 
post-RK or LASIK, although the study power was limited given the 
small number of participants. Similar findings were demonstrated by 
Peters et al., who compared visual acuity and IOP between 4 eyes 
which underwent previous RK against 4 control eyes matched for age 
and sex. Measurements were taken immediately before and after 
hyperbaric chamber exposure to a pressure of 3 ATM for 1 h (29). No 
significant change in mean IOP was found in either group.

Atmospheric pressure and angle closure 
glaucoma

Low light environments have been reported to increase the risk of 
acute angle closure glaucoma through causing physiological mydriasis 
(30). To explore this relationship, Bojićc et  al. performed a 
retrospective study into the relationship between weather and 
meteorological factors and the incidence of acute angle closure 
glaucoma on 73 cases in Croatia (31). However, no significant 
correlation between atmospheric pressure and incidence rate of acute 
closed angle glaucoma was observed.

Impact of diving mask on IOP

To provide a watertight seal while diving, diving masks need to fit 
tightly against the periorbital region, with the potential risk of raising 
the IOP. Goenadi et al. explored this possible relationship by studying 
the effect of dive mask wearing on IOP, in a cohort of 40 eyes from 20 
healthy volunteers (32). The AVIA Tono-Pen (Reichert Inc., NY, 
United States) was used to measure IOP at baseline with and without 
the diving mask (with the lenses removed) worn. Contrary to 
expectations, the mean IOP at baseline was 17.23 ± 2.18 mmHg, which 
decreased by 0.43 mmHg (p < 0.05) to 16.80 ± 2.57 mm Hg with the 
diving mask on.

Discussion

The studies included in this review largely demonstrated a 
decrease in IOP with increased atmospheric pressure, whether in a 
hyperbaric chamber or in an actual diving environment. Only two 
studies, Huang et al. (28) and Peters et al. (29) showed inconclusive 
results. This discrepancy may be attributed to the smaller sample sizes 
in these studies compared to others. Nonetheless, none of the studies 
in this review demonstrated an increase in IOP while diving.T
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The relationship between IOP and hyperbaric environments may 
be a result of several physiological mechanisms relating to changes in 
the partial pressure of oxygen and ocular blood flow, as well as other 
factors including exercise, temperature, and equipment. High 
atmospheric pressures result in peripheral vascular constriction, 
which in turn results in high ocular perfusion pressures, which may 
decrease IOP (13, 14). Changes in the partial pressure of oxygen may 
also cause vasoconstriction, which decreases IOP by decreasing 
choroidal blood volume (18), as demonstrated in animal models and 
human experiments (17–20). In hyperbaric chambers, at high 
atmospheric pressures the partial pressure of oxygen is also increased, 
hence resulting in a decrease in IOP.

In addition to environmental pressure and oxygenation, 
temperature may also influence IOP during diving. A recent study by 
Hartmann et  al. showed a significant relationship between lower 
temperatures and increased IOP (33). This was attributed at least 
partly to higher systolic blood pressures, which increase with lower 
temperatures. Among the studies included in this review, only Van de 
Veire et al. (25) investigated the impact of temperature change on 
IOP. The study found a small decrease in IOP when temperatures were 
reduced from 28°C back to baseline (24°C), with the atmospheric 
pressure kept constant. However, this result did not reach statistical 
significance. Bojić et al. (31) revealed a significant correlation with 
winter months and the incidence of acute angle closure glaucoma, 
even though no correlation was found for hours of sunshine, air 
temperature and atmospheric pressure. This relationship was further 
supported by Zhu et al. who reported a rise in incidence of acute angle 
closure glaucoma in colder temperatures (34). This may be a result of 
mechanical or anatomical changes in the peripheral iris and angle 
structures (35), thus as divers are exposed to cold temperatures during 
their course of activity, predisposed individuals may possibly be also 
at a greater risk for acute angle closure glaucoma.

Exercise may also be a confounding variable that influences IOP 
during SCUBA diving, an activity that requires both endurance and 
strength, hence demanding significant energy expenditure (36). The 
relationship between exercise and IOP reduction has been well 
established (37–39), with this effect observed to be  transient and 
directly correlating with the intensity of exercise (40). In the study by 
Deleu et al. (23), subjects underwent a dive for 25 min and authors 
postulated that the IOP reduction in their study may have been due to 
the sympathetic response triggered by exercise. An exercise-induced 
sympathetic response is accompanied by β2-adrenergic receptor 
activation, which is thought to contribute to increased aqueous humor 
outflow through an increase in trabecular meshwork thickness, along 
with expansion of both the area and perimeter of Schlemm’s canal 
(41). Sympathetic activation also causes vasoconstriction of choroidal 
vasculature, which decreases choroidal blood flow and IOP. Other 
theories involve the physiological impact of exercise on blood 
parameters, including a decrease in blood pH, elevation of plasma 
osmolarity, and an increase in blood lactate levels, although the 
mechanisms behind these parameters and their influence on IOP 
remain poorly understood (40).

It should be  noted that the use of different IOP measuring 
techniques and devices may affect IOP readings in environments with 
different atmospheric pressures. Albis-Donado et al. (27) reported 
increasing differences in IOP measurements between Goldmann 
applanation tonometry (GAT) and dynamic contour tonometry 
(DCT) with lower atmospheric pressures, with the difference in 

readings increasing by approximately 1 mmHg per 673 m of increased 
altitude above sea level. Authors concluded that the GAT may not 
adjust to changes in atmospheric pressure as well as DCT and hence 
the GAT may be less reliable at higher atmospheric pressures. The 
authors elaborated that DCT is able to calibrate itself by performing 
zeroing based on atmospheric pressure, whereas the results of 
applanation tonometry will be affected by changes in the absolute 
pressure and resistance to applanation when atmospheric pressure 
fluctuates (42). In contrast, Vercellin et al. (26) reported agreement 
between rebound and applanation tonometry IOP measurements with 
compression up to 4 bar, suggesting that rebound tonometry may 
be viable for assessing IOP within certain atmospheric pressure ranges.

Corneal thickness is another factor that has been studied in 
hyperbaric environments. Central corneal thickness (CCT) 
measurements have been known to confound tonometry readings, 
particularly when taken with the GAT (43, 44). Of the studies included 
in this review, only Mazo et al. (24) corrected IOP for CCT. Some 
studies (25, 28), demonstrated no significant changes in CCT during 
or after hyperbaric exposure, as well as with increased atmospheric 
pressure. Goenadi et al. (32) also did not find a correlation between 
CCT and IOP changes upon wearing of a diving mask. However, other 
studies have demonstrated CCT changes after exposure to hyperbaric 
environments, including Peters et al. (29), who reported slight corneal 
thinning following hyperbaric exposure, and Deleu et al. (23), who 
reported a statistically significant increase in mean CCT 30-min post-
dive, which resolved 30-min later.

The use of diving masks may be expected to result in an increase 
in IOP due to mechanical compression of the orbits and the 
subsequent increase in episcleral venous pressure. However, Goenadi 
et al. (32) reported a small but statistically significant decrease in IOP 
when subjects donned a diving mask. While swimming goggles are 
known to elevate IOP (45), authors suggested that the larger frame of 
the diving mask likely allowed for a more extensive area of the mask 
to sit on the bony orbit, hence mitigating the pressure exerted on the 
periocular soft tissue and transmitted to the globe. Another study by 
Islam et al. did not demonstrate any significant change in IOP when 
subjects donned a diving dry suit (46).

This systematic review has revealed certain gaps in literature. First, 
none of the studies included in this review examined subjects exposed 
for more than 1 h at increased atmospheric pressure, nor measured the 
impact following repeated dives—which have been found to have 
subclinical ophthalmological effects (47). Second, structural and 
functional tests in the form of visual field testing or retinal nerve fiber 
layer thickness examination were not explored in any of the studies. 
These additional parameters may be  useful in providing a better 
understanding of the effects of these environments on IOP, retinal 
nerve fiber layer health, and glaucoma. Third, likely due to feasibility 
and logistical considerations, most studies utilized hyperbaric 
chambers in their experiments. These conditions may not fully 
replicate the actual underwater environments experienced by divers. 
Fourth, the subjects included in all experiments in this review had 
healthy eyes which limits its applicability to glaucomatous eyes, which 
may exhibit a pathological response to environmental changes (48).

Limitations of this review include variations in atmospheric 
pressures, time intervals for measurements, and tonometry methods 
among the included studies. This high degree of heterogeneity among 
the studies may limit generalizability of the conclusions from this 
review. While studies have explored the relationship between 
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TABLE 2 Characteristics of included studies.

Author 
(year)

Title Number 
of eyes 

(n)

Number 
of 

patients 
(n)

Age 
(years)
mean 

(range)

Type of 
population

Methods IOP 
measurement 
technique

IOP change 
(mmHg)
mean (% 
reduction)

Pachymetry 
measured?

CCT at 
baseline 
(μm)
mean 
(SD)

Final CCT 
(μm)
mean (SD)

Deleu (2022) Effect of SCUBA 

diving on 

ophthalmic 

parameters

15 15 Median age 

was 48.93 

(28–72)

Healthy IOP measured 

before diving, 30 

and 60 min after a 

standard deep 

dive of 25 m 

depth for 25 min 

in a dedicated 

diving pool.

Air tonometry (Nidek 

Tonoref III)

−2.1 (−12.8%) at 

30 min post-dive 

(p < 0.0001).

−1.4 (−8.7%) at 

60 min post-dive 

(p < 0.0001).

Yes 559.3 (27.8) 30 min post-dive: 

566.5 (33.5; 

p = 0.012)

60 min post-dive: 

562.9 (28.6; 

nonsignificant)

Mazo (2023) Intraocular 

pressure changes 

under an 

atmospheric 

pressure 

spectrum in a 

multiplace 

hyperbaric 

chamber

48 24 30.6 (23–40) Healthy IOP measured in 

hyperbaric 

chamber at 0, 20, 

40, 60, 50, 30, and 

0 feet, 

respectively.

10 min spent 

between each 

measurement.

Tonopen XL −1.2 (−8.4%) at 

2.8 ATA (60 feet) 

(p = 0.012).

Then −2.4 

(−16.8%) after 

rising to 1.91 

ATA (30 feet) 

(p < 0.001).

Then −1.2 

(−8.4%) when 

ending at 1 ATA 

(0 feet) 

(p = 0.012).

Yes 543.7 (30.4) N/A

Van de Veire 

(2008)

Influences of 

atmospheric 

pressure and 

temperature on 

intraocular 

pressure

54 27 23.8 (18–44) Healthy IOP measured in 

hyperbaric 

chamber at 1 and 

2 bar at 24 and 28 

degrees celsius.

It took 10 min to 

switch bar, 10–

20 min for 

temperature 

change, and 5 min 

were given after 

each change for 

acclimatization.

Perkins applanation 

tonometry

Right eye: −1.1 

(−9.3%) at 2 bar 

(p = 0.024).

Left eye: −1.4 

(−12.0%) at 2 bar 

(0.0006).

Yes Not 

mentioned

N/A

(Continued)
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Author 
(year)

Title Number 
of eyes 

(n)

Number 
of 

patients 
(n)

Age 
(years)
mean 

(range)

Type of 
population

Methods IOP 
measurement 
technique

IOP change 
(mmHg)
mean (% 
reduction)

Pachymetry 
measured?

CCT at 
baseline 
(μm)
mean 
(SD)

Final CCT 
(μm)
mean (SD)

Vercellin 

(2021)

Agreement of 

rebound and 

applanation 

tonometry 

intraocular 

pressure 

measurements 

during 

atmospheric 

pressure change

12 12 43.6 Healthy IOP measured in 

hyperbaric 

chamber with 

rebound and 

applanation 

tonometry at 1, 2, 

3, and 4 bar 

during 

compression and 

3 and 2 bar during 

decompression.

5 min rest period 

at each pressure.

Icare rebound 

tonometer

Perkins applanation 

tonometer

Applanation: 

−3.6 (−26.1%) at 

4 bar (p < 0.0001).

Rebound: −3 

(−19.6%) at 4 bar 

(p < 0.0001).

Yes 587.4 (12.5) N/A

Albis-

Donado 

(2020)

Effects of acute 

atmospheric 

pressure changes 

on dynamic 

contour 

tonometry and 

Goldmann 

applanation 

tonometry in 

normal 

individuals: a 

pilot study

44 22 33.4 (25–62) Healthy IOP measured 

with GAT and 

DCT in 

hyperbaric 

chamber at 1, 1.1, 

1.2, and 1.25 

QATM. 

Measurements 

taken after 5 min 

at each pressure.

Goldmann applanation 

tonometry

Dynamic contour 

tonometry

GAT: +0.16 

(+1.3%) at 1.25 

QATM.

DCT: −1.5 

(−8.9%) at 1.25 

QATM.

No Not 

mentioned

N/A

Huang 

(2002)

Refractive 

change in 

response to acute 

hyperbaric stress 

in refractive 

surgery patients

20 10 52 (46–57) 

in RK group, 

47 (45–48) 

in LASIK 

group, and 

38 (21–48) 

in the 

control 

group.

6 eyes with 

previous RK.

5 eyes with 

previous LASIK.

9 healthy control 

eyes.

IOP measured 

before, during, 

and after 

spending 15 min 

at 4 ATM in a 

hyperbaric 

chamber.

Tonopen XL No significant 

change in IOP for 

any group.

Yes RK group: 564 

(43)

LASIK group: 

501 (38)

Control group: 

528 (17)

RK group: 566 

(44)

LASIK group: 503 

(39)

Control group: 

527 (16)

(nonsignificant)

TABLE 2 (Continued)

(Continued)
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Author 
(year)

Title Number 
of eyes 

(n)

Number 
of 

patients 
(n)

Age 
(years)
mean 

(range)

Type of 
population

Methods IOP 
measurement 
technique

IOP change 
(mmHg)
mean (% 
reduction)

Pachymetry 
measured?

CCT at 
baseline 
(μm)
mean 
(SD)

Final CCT 
(μm)
mean (SD)

Peters (1999) Effect of 

increased 

atmospheric 

pressure on 

radial 

keratotomy

8 4 42.5 in 

control 

group and 

51.5 in RK 

group

4 eyes with 

previous RK.

4 healthy control 

eyes.

IOP measured at 

baseline and in a 

hyperbaric 

chamber after 1 h 

at 3 ATM.

Unspecified No change in 

mean IOP for 

either group.

Yes Not 

mentioned

N/A

Goenadi 

(2016)

The effect of a 

diving mask on 

intraocular 

pressure in a 

healthy 

population

40 20 29.7 Healthy IOP measured at 

baseline and with 

a diving mask 

(lens removed).

AVIA Tonopen −0.4 (−2.5%) 

with mask on 

(p < 0.05).

Yes 544.4 (43.5) N/A

Bojić (2001) Acute angle-

closed glaucoma 

and 

meteorological 

factors in split, 

croatia

73 73 57 women 

with mean 

age of 67.8 

and 16 men 

with mean 

age 64.9.

Eyes with acute 

closed angle 

glaucoma.

Atmospheric 

pressure, 

sunshine hours, 

and air 

temperature data 

were correlated 

with incidence of 

acute closed angle 

glaucoma attacks.

N/A N/A N/A N/A N/A

IOP, intraocular pressure; CCT, central corneal thickness; SD, standard deviation; ATA, atmosphere absolute; QATM, Queretaro atmospheric pressure; ATM, atmospheric pressure.

TABLE 2 (Continued)
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hyperbaric environments and IOP, the precise mechanisms underlying 
these observations and findings remain poorly understood. More 
longitudinal studies performed under actual diving environmental 
conditions may be considered to more accurately assess the effect of 
diving on IOP and glaucoma.

Nonetheless, to the best knowledge of the authors, this systematic 
review is the first of its kind to consolidate current literature on the 
relationship between diving, hyperbaric environments and IOP. As 
diving becomes increasingly popular and the prevalence of glaucoma 
continues to rise, information in this niche area of ophthalmology and 
underwater medicine will become more valuable in the clinical care 
of divers with, or at risk of glaucoma.

Data availability statement

The original contributions presented in the study are included in 
the article/supplementary material, further inquiries can be directed 
to the corresponding authors.

Author contributions

PL: Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Software, Supervision, Validation, Visualization, Writing 
– original draft, Writing – review & editing. SL: Conceptualization, 
Data curation, Formal analysis, Funding acquisition, Investigation, 
Methodology, Project administration, Resources, Software, 
Supervision, Validation, Visualization, Writing – original draft, 
Writing – review & editing. BB: Conceptualization, Investigation, 
Methodology, Writing – original draft, Writing – review & editing. 
DM: Writing – review & editing. SD: Writing – review & editing. BA: 

Conceptualization, Data curation, Formal analysis, Funding 
acquisition, Investigation, Methodology, Project administration, 
Resources, Software, Supervision, Validation, Visualization, Writing 
– original draft, Writing – review & editing.

Funding

The author(s) declare financial support was received for the 
research, authorship, and/or publication of this article. This 
publication was made possible by a generous contribution from Joyce 
Baker to the Mayo Clinic Ophthalmology Department. Funding 
played no role in the design or conduct of the research in this article.

Conflict of interest

The authors declare that the research was conducted in the 
absence of any commercial or financial relationships that could 
be construed as a potential conflict of interest.

The author(s) declared that they were an editorial board member 
of Frontiers, at the time of submission. This had no impact on the peer 
review process and the final decision.

Publisher’s note

All claims expressed in this article are solely those of the 
authors and do not necessarily represent those of their affiliated 
organizations, or those of the publisher, the editors and the 
reviewers. Any product that may be evaluated in this article, or 
claim that may be made by its manufacturer, is not guaranteed or 
endorsed by the publisher.

References
 1. Buzzacott P, Schiller D, Crain J, Denoble PJ. Epidemiology of morbidity and 

mortality in US and Canadian recreational scuba diving. Public Health. (2018) 155:62–8. 
doi: 10.1016/j.puhe.2017.11.011

 2. Lippmann J. A review of snorkelling and scuba diving fatalities in Queensland, 
Australia, 2000 to 2019. Diving Hyperb Med. (2022) 52:108–18. doi: 10.28920/
dhm52.2.108-118

 3. Kovacs CR. Scuba diving and the stress response: considerations and 
recommendations for professional and recreational divers. Int Marit Health. (2023) 
74:186–91. doi: 10.5603/imh.91707

 4. Salahuddin M, James LA, Bass ES. SCUBA medicine: a first-responder's guide to 
diving injuries. Curr Sports Med Rep. (2011) 10:134–9. doi: 10.1249/
JSR.0b013e31821b08ff

 5. Barreiros P, Haddad V, Barreiros JP. Description of an eye barotrauma in scuba 
diving with clinical discussion. J Coast Life Med. (2017) 5:126–8. doi: 10.12980/
jclm.5.2017J6-264

 6. Butler FK, Gurney N. Orbital hemorrhage following face-mask barotrauma. 
Undersea Hyperb Med. (2001) 28:31–4.

 7. Rudge FW. Ocular barotrauma caused by mask squeeze during a scuba dive. South 
Med J. (1994) 87:749–50. doi: 10.1097/00007611-199407000-00015

 8. Iordanidou V, Gendron G, Khammari C, Rodallec T, Baudouin C. Choroidal 
ischemia secondary to a diving injury. Retin Cases Brief Rep. (2010) 4:262–5. doi: 
10.1097/ICB.0b013e3181a3b9d6

 9. Merle H, Drault JN, Gerard M, Alliot E, Mehdaoui H, Elisabeth L. Retinal vein 
occlusion and deep-sea diving. J Fr Ophtalmol. (1997) 20:456–60.

 10. Butler FK. Diving and hyperbaric ophthalmology. Surv Ophthalmol. (1995) 
39:347–66. doi: 10.1016/S0039-6257(05)80091-8

 11. Lippmann J, Mc DTD, Stevenson C, Williams J, Mitchell SJ. Diving with pre-
existing medical conditions. Diving Hyperb Med. (2017) 47:180–90. doi: 10.28920/
dhm47.3.180-190

 12. Tham YC, Li X, Wong TY, Quigley HA, Aung T, Cheng CY. Global prevalence of 
glaucoma and projections of glaucoma burden through 2040: a systematic review and 
meta-analysis. Ophthalmology. (2014) 121:2081–90. doi: 10.1016/j.ophtha.2014.05.013

 13. Luo X, Shen YM, Jiang MN, Lou XF, Shen Y. Ocular blood flow autoregulation 
mechanisms and methods. J Ophthalmol. (2015) 2015:864871:1–7. doi: 
10.1155/2015/864871

 14. Kim KE, Oh S, Baek SU, Ahn SJ, Park KH, Jeoung JW. Ocular perfusion pressure 
and the risk of open-angle Glaucoma: systematic review and Meta-analysis. Sci Rep. 
(2020) 10:10056. doi: 10.1038/s41598-020-66914-w

 15. Westerweel PE, Rienks R, Sakr A, Taher A. Diving with hypertension and 
antihypertensive drugs. Diving Hyperb Med. (2020) 50:49–53. doi: 10.28920/
dhm50.1.49-53

 16. Fabiani C, Li Voti R, Rusciano D, Mutolo MG, Pescosolido N. Relationship 
between corneal temperature and intraocular pressure in healthy individuals: a clinical 
thermographic analysis. J Ophthalmol. (2016) 2016:1–7. doi: 10.1155/2016/3076031

 17. Ersanli D, Akin T, Yildiz S, Akin A, Bilge AH, Uzun G. The effect of hyperbaric 
oxygen on intraocular pressure. Undersea Hyperb Med. (2006) 33:1–4.

 18. Gallin-Cohen PF, Podos SM, Yablonski ME. Oxygen lowers intraocular pressure. 
Invest Ophthalmol Vis Sci. (1980) 19:43–8.

 19. Hosking SL, Harris A, Chung HS, Jonescu-Cuypers CP, Kagemann L, Roff Hilton 
EJ, et al. Ocular haemodynamic responses to induced hypercapnia and hyperoxia in 
glaucoma. Br J Ophthalmol. (2004) 88:406–11. doi: 10.1136/bjo.2002.008995

 20. Muir ER, Chandra SB, Narayanan D, Zhang V, Zhang I, Jiang Z, et al. Effects of 
chronic mild hyperoxia on retinal and choroidal blood flow and retinal function in the 

https://doi.org/10.3389/fmed.2024.1365259
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1016/j.puhe.2017.11.011
https://doi.org/10.28920/dhm52.2.108-118
https://doi.org/10.28920/dhm52.2.108-118
https://doi.org/10.5603/imh.91707
https://doi.org/10.1249/JSR.0b013e31821b08ff
https://doi.org/10.1249/JSR.0b013e31821b08ff
https://doi.org/10.12980/jclm.5.2017J6-264
https://doi.org/10.12980/jclm.5.2017J6-264
https://doi.org/10.1097/00007611-199407000-00015
https://doi.org/10.1097/ICB.0b013e3181a3b9d6
https://doi.org/10.1016/S0039-6257(05)80091-8
https://doi.org/10.28920/dhm47.3.180-190
https://doi.org/10.28920/dhm47.3.180-190
https://doi.org/10.1016/j.ophtha.2014.05.013
https://doi.org/10.1155/2015/864871
https://doi.org/10.1038/s41598-020-66914-w
https://doi.org/10.28920/dhm50.1.49-53
https://doi.org/10.28920/dhm50.1.49-53
https://doi.org/10.1155/2016/3076031
https://doi.org/10.1136/bjo.2002.008995


Lentz et al. 10.3389/fmed.2024.1365259

Frontiers in Medicine 10 frontiersin.org

DBA/2J mouse model of glaucoma. PLoS One. (2022) 17:e0266192. doi: 10.1371/journal.
pone.0266192

 21. Moher D, Liberati A, Tetzlaff J, Altman DG. Preferred reporting items for 
systematic reviews and meta-analyses: the PRISMA statement. J Clin Epidemiol. (2009) 
62:1006–12. doi: 10.1016/j.jclinepi.2009.06.005

 22. Sterne JA, Hernán MA, Reeves BC, Savović J, Berkman ND, Viswanathan M, et al. 
ROBINS-I: a tool for assessing risk of bias in non-randomised studies of interventions. 
BMJ. (2016) 355:i4919. doi: 10.1136/bmj.i4919

 23. Deleu L, Catherine J, Postelmans L, Balestra C. Effect of SCUBA diving on 
ophthalmic parameters. Medicina. (2022) 58:408. doi: 10.3390/medicina58030408

 24. Mazo SEM, Peña FY, Ramírez JVO. Intraocular pressure changes under an 
atmospheric pressure spectrum in a multiplace hyperbaric chamber. Arq Bras Oftalmol. 
(2023) 87:e2022-0085. doi: 10.5935/0004-2749.2022-0085

 25. Van de Veire S, Germonpre P, Renier C, Stalmans I, Zeyen T. Influences of 
atmospheric pressure and temperature on intraocular pressure. Invest Ophthalmol Vis 
Sci. (2008) 49:5392–6. doi: 10.1167/iovs.07-1578

 26. Vercellin AV, Harris A, Siesky B, Zukerman R, Tanga L, Carnevale C, et al. 
Agreement of rebound and applanation tonometry intraocular pressure measurements 
during atmospheric pressure change. PLoS One. (2021) 16:e0259143. doi: 10.1371/
journal.pone.0259143

 27. Albis-Donado O, Rodríguez-Camacho B, Bhartiya S, Ramírez-Neria P, López-Star 
E, González-Daher P, et al. Effects of acute atmospheric pressure changes on dynamic 
contour tonometry and Goldmann Applanation tonometry in Normal individuals: a 
pilot study. J Glaucoma. (2020) 29:756–60. doi: 10.1097/IJG.0000000000001592

 28. Huang ET, Twa MD, Schanzlin DJ, Van Hoesen KB, Hill M, Langdorf MI. 
Refractive change in response to acute hyperbaric stress in refractive surgery patients. J 
Cataract Refract Surg. (2002) 28:1575–80. doi: 10.1016/S0886-3350(02)01362-7

 29. Peters NT, Borer RC Jr, Strauss MB. Effect of increased atmospheric pressure on 
radial keratotomy. J Cataract Refract Surg. (1999) 25:1620–3. doi: 10.1016/
S0886-3350(99)00235-7

 30. Hillman JS, Turner JD. Association between acute glaucoma and the weather and 
sunspot activity. Br J Ophthalmol. (1977) 61:512–6. doi: 10.1136/bjo.61.8.512

 31. Bojić L, Vojniković B, Karelović D, Jukić-Lesina T. Acute angle-closed glaucoma 
and meteorological factors in Split, Croatia. Coll Antropol. (2001) 25:105–9.

 32. Goenadi CJ, Law DZ, Lee JW, Ong EL, Chee WK, Cheng J. The effect of a diving 
mask on intraocular pressure in a healthy population. Case Rep Ophthalmol. (2016) 
7:328–32. doi: 10.1159/000446423

 33. Hartmann A, Grabitz SD, Hoffmann EM, Wild PS, Schmidtmann I, Lackner KJ, et al. 
Intraocular pressure and its relation to climate parameters—results from the Gutenberg 
health study. Invest Ophthalmol Vis Sci. (2023) 64:15. doi: 10.1167/iovs.64.7.15

 34. Zhu Y, Li L, Han B, Sun X, Chen R, Lei Y, et al. Low ambient temperature and 
temperature drop as novel risk factors of acute glaucoma: a case-crossover study. Environ 
Sci Pollut Res Int. (2023) 30:56513–21. doi: 10.1007/s11356-023-26235-7

 35. Casson RJ. Anterior chamber depth and primary angle-closure glaucoma: an 
evolutionary perspective. Clin Experiment Ophthalmol. (2008) 36:70–7. doi: 
10.1111/j.1442-9071.2008.01672.x

 36. Buzzacott P, Pollock NW, Rosenberg M. Exercise intensity inferred from air 
consumption during recreational scuba diving. Diving Hyperb Med. (2014) 44:74–8.

 37. Alfaqeeh F, Djemai H, Hammad R, Hammad S, Noirez P, Dabayebeh IM. Effect of 
aerobic exercise at different intensities on intraocular pressure in young males. J 
Glaucoma. (2022) 31:868–73. doi: 10.1097/IJG.0000000000002110

 38. Hong J, Zhang H, Kuo DS, Wang H, Huo Y, Yang D, et al. The short-term effects 
of exercise on intraocular pressure, choroidal thickness and axial length. PLoS One. 
(2014) 9:e104294. doi: 10.1371/journal.pone.0104294

 39. Kawae T, Nomura T, Iwaki D, Nakashima Y, Fudeyasu K, Kataoka H, et al. 
Intraocular pressure fluctuation during aerobic exercise at different exercise intensities. 
Healthcare (Basel). (2022) 10:1196. doi: 10.3390/healthcare10071196

 40. Risner D, Ehrlich R, Kheradiya NS, Siesky B, McCranor L, Harris A. Effects of 
exercise on intraocular pressure and ocular blood flow: a review. J Glaucoma. (2009) 
18:429–36. doi: 10.1097/IJG.0b013e31818fa5f3

 41. Yan X, Li M, Song Y, Guo J, Zhao Y, Chen W, et al. Influence of exercise on 
intraocular pressure, Schlemm's canal, and the trabecular meshwork. Invest Ophthalmol 
Vis Sci. (2016) 57:4733–9. doi: 10.1167/iovs.16-19475

 42. Boehm AG, Weber A, Pillunat LE, Koch R, Spoerl E. Dynamic contour tonometry 
in comparison to Intracameral IOP measurements. Invest Ophthalmol Vis Sci. (2008) 
49:2472–7. doi: 10.1167/iovs.07-1366

 43. Brandt JD. Corneal thickness in glaucoma screening, diagnosis, and management. 
Curr Opin Ophthalmol. (2004) 15:85–9. doi: 10.1097/00055735-200404000-00004

 44. Ku JYF, Danesh-Meyer HV, Craig JP, Gamble GD, McGhee CNJ. Comparison of 
intraocular pressure measured by Pascal dynamic contour tonometry and Goldmann 
applanation tonometry. Eye. (2006) 20:191–8. doi: 10.1038/sj.eye.6701849

 45. Morgan WH, Cunneen TS, Balaratnasingam C, Yu DY. Wearing swimming 
goggles can elevate intraocular pressure. Br J Ophthalmol. (2008) 92:1218–21. doi: 
10.1136/bjo.2007.136754

 46. Islam Y, Spears M, Brennan M, Pitkin A, Covington D. Effect of drysuit seals on 
intraocular pressure in non-immersed scuba divers. Undersea Hyperb Med. (2023) 
50:307–12. doi: 10.22462/01.01.2023.26

 47. Macarez R, Dordain Y, Hugon M, Kovalski JL, Guigon B, Bazin S, et al. 
Retentissement à long terme de la plongée sous-marine sur le champ visuel, la vision des 
couleurs et la sensibilité au contraste du plongeur professionnel. J Fr Ophtalmol. (2005) 
28:825–31. doi: 10.1016/S0181-5512(05)81000-9

 48. Doucette LP, Rasnitsyn A, Seifi M, Walter MA. The interactions of genes, age, and 
environment in glaucoma pathogenesis. Surv Ophthalmol. (2015) 60:310–26. doi: 
10.1016/j.survophthal.2015.01.004

https://doi.org/10.3389/fmed.2024.1365259
https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://doi.org/10.1371/journal.pone.0266192
https://doi.org/10.1371/journal.pone.0266192
https://doi.org/10.1016/j.jclinepi.2009.06.005
https://doi.org/10.1136/bmj.i4919
https://doi.org/10.3390/medicina58030408
https://doi.org/10.5935/0004-2749.2022-0085
https://doi.org/10.1167/iovs.07-1578
https://doi.org/10.1371/journal.pone.0259143
https://doi.org/10.1371/journal.pone.0259143
https://doi.org/10.1097/IJG.0000000000001592
https://doi.org/10.1016/S0886-3350(02)01362-7
https://doi.org/10.1016/S0886-3350(99)00235-7
https://doi.org/10.1016/S0886-3350(99)00235-7
https://doi.org/10.1136/bjo.61.8.512
https://doi.org/10.1159/000446423
https://doi.org/10.1167/iovs.64.7.15
https://doi.org/10.1007/s11356-023-26235-7
https://doi.org/10.1111/j.1442-9071.2008.01672.x
https://doi.org/10.1097/IJG.0000000000002110
https://doi.org/10.1371/journal.pone.0104294
https://doi.org/10.3390/healthcare10071196
https://doi.org/10.1097/IJG.0b013e31818fa5f3
https://doi.org/10.1167/iovs.16-19475
https://doi.org/10.1167/iovs.07-1366
https://doi.org/10.1097/00055735-200404000-00004
https://doi.org/10.1038/sj.eye.6701849
https://doi.org/10.1136/bjo.2007.136754
https://doi.org/10.22462/01.01.2023.26
https://doi.org/10.1016/S0181-5512(05)81000-9
https://doi.org/10.1016/j.survophthal.2015.01.004

	A deep dive into hyperbaric environments and intraocular pressure—a systematic review
	Introduction
	Methods
	Results
	Study characteristics
	IOP before and after SCUBA diving
	Hyperbaric chamber studies
	Atmospheric pressure and angle closure glaucoma
	Impact of diving mask on IOP

	Discussion
	Data availability statement
	Author contributions

	References

