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Abstract

Objectives: Prolonged exposure to hypoxia at high altitudes can affect the eyes through various mechanisms, culminat-
ing in reduced vision. Multiple studies on this subject have focused on the ocular effects of high altitude on intraocular
pressure (IOP), corneal thickness, and the retina. However, there is a lack of literature on the effects of ‘moderate high
altitude (2000-3000 m)’ on the eyes. Hence, we designed our study to determine the impact of moderate high altitude
on the eyes.

Methods: We recruited two age and gender-matched groups of 250 research participants, each at moderate high altitude
(Group A) and plains (Group B), respectively, to determine the effects of moderate high altitude on ocular health, if any.
Results: We found a statistically significant increase in dry eye in Group A. We also found four cases of central serous
retinopathy and one case of central retinal vein occlusion in Group A. There was no statistically significant change in visual
acuity, |OP, or central corneal thickness.

Conclusion: There is a vast lacuna in the literature on this particular altitude range, and further studies are required to
confirm our findings. It is also recommended that lubricant eye drops be advised as a standard prophylactic measure for
all individuals traveling and staying at moderate high altitude.

Keywords: Central retinal vein occlusion, central serous retinopathy, high altitude, military medicine, moderate high
altitude, ocular health.

Introduction culminating in reduced vision (2). Multiple studies on this

The eye is as susceptible to the effects of high altitude as

subject have focused on the ocular effects of high altitude on
intraocular pressure (IOP), corneal thickness, and the retina.

multiple other organs of the human body (I), such as the However, there is a significant variation in the findings of
lungs and brain. Prolonged exposure to hypoxia at high al-  various studies. For example, some groups have found an in-
titudes can affect the eyes through various mechanisms, crease in IOP with a gain in altitude (3), whereas others have
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shown a normal IOP (4,5), or even a decrease in IOP (6).
There has even been a report of sudden transient reduction
in IOP on the ascent to a high altitude of around 4300 m,
which normalized during acclimatization (7). In contrast, there
is broad agreement that hypoxia at high altitudes and extreme
high altitudes leads to corneal swelling (2) and high altitude
retinopathy (HAR). However, the incidence of HAR varies
from 3.8% (8) to 90.5% (9) in different studies. In addition,
there are other effects of high altitude on the eyes, including
but not limited to dry eye, ultraviolet (UV) radiation damage,
reduced night vision, reduced accommodation, and reduced
visual field (10). It can also lead to pterygium and cataracts.
Most of the studies on this topic have been conducted
(4,5,7) at “high altitude (3000-5500 m)” or “extreme high al-
titude (more than 5500 m)” (according to the classification
in Table | proposed by Biartsch et al.(I1)). However, there is
a lack of literature on the effects of “moderate high altitude
(2000-3000 m)” on the eyes. Hence, we designed our study
to determine the impact of moderate high altitude on the eyes.

Methods

The authors conducted this cross-sectional observational study
at two hospitals in Northern India. One hospital is located at
an altitude of 2276 m, where the authors evaluated patients
(Group A) from various altitudes ranging from 2100 to 2800
m. We selected an age and gender-matched control group at
a second center located at plains (Group B) to compare the
findings. Each group had 250 research participants, wherein
a comprehensive ocular examination was done for 500 eyes
(250 patients) in each group. Informed written consent was ob-
tained from all the patients. Hence, we recruited two age and
gender-matched groups of research participants at moderate
high altitude and plains, respectively, to determine the effects of
moderate high altitude on ocular health, if any.

The present study was approved by the ethical board of
the hospital in which the study was performed. This study
complied with the latest version of the Helsinki Declaration
of 1964.

Table |. Classification of high-altitude regions (Adopted from
Bartsch P, Saltin B, Dvorak J. Consensus statement on playing
football at different altitudes. Scandinavian journal of medicine and
science in sports. 2008 Aug; 18:96-9.)

In study Group A, we included subjects between 18 and
45 years of age. These subjects had varying degree of ex-
posure to moderate high altitudes (2000-3000 m) for the
first time in their life. We only included patients who had
relatively prolonged exposure (at least for | year) to this alti-
tude. In study Group B, we included age and gender-matched
research participants who never had prolonged exposure to
any type of high altitudes region. We excluded patients with
pre-existing ocular symptoms, high refractive error, pre-ex-
isting glaucoma, ocular hypertension, uveitis, retinal or optic
nerve disorders, or patients with a history of ocular trauma
or surgery from both study groups. Native highlanders were
excluded from the study.

A detailed history was recorded for all the patients, in-
cluding the history of any ocular symptoms (reduced vision,
eye strain, dry eye, redness of eyes, floaters, photophobia,
increased tearing, and cloudy vision), duration of exposure
to moderate high altitude, and any fresh ocular symptoms
experienced in the high-altitude region. A general physical
and systemic examination followed this to rule out comor-
bidities such as diabetes and hypertension. None of our pa-
tients were contact lens users.

The general ocular examination was followed by the mea-
surement of best corrected visual acuity (BCVA), IOP mea-
surement, and measurement of central corneal thickness. All
patients were evaluated under slit-lamp, and dilated fundus ex-
amination was done. In addition, the patients were also evalu-
ated for dry eye by performing the tear break-up time test and
the Schirmer test. All 500 patients were evaluated between 900
and 1200 h to avoid the effect of diurnal variation on results.

The IOP was measured using a non-contact tonome-
ter, and the central corneal thickness was measured using
a specular microscope. A mean of three readings was taken
for each eye. Refraction was first measured using the auto
refractometer for objective refractive error (a mean of three
readings). The subjective assessment was then conducted
using Snellen’s chart, trial lenses, and frame.

Statistical Analysis
The authors performed statistical analysis using Statistical
Package for the Social Sciences (SPSS) statistical software
(SPSS, Chicago, IL, USA) Software Version 23.0. Descriptive
statistics are presented in frequencies and percentages for
categorical variables.

Results

Region Definition (in terms of altitude)
Near sea level 0-500 m

Low altitude 5002000 m

Moderate altitude 2000-3000 m

High altitude 3000-5500 m

Extreme altitude More than 5500 m

We included a total of 658 participants, out of which 335
were recruited in Group A, 323 were recruited in Group
B. A total of 85 were excluded in Group A, and 73 were
excluded in Group B due to various exclusion criteria. After
the exclusion, Groups A and B had 250 participants each.
This schema of the study is illustrated in Figure |.
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Total patients recruited (658)
335 in group A and
323 in group B

Excluded from group B (73) ‘
Excluded from groupA (85)

High refractive error -11

High refractive error -11

Glaucoma - 30

Glaucoma - 43 Ocular hypertension -6

Ocular hypertension -5
Uveitis -5

Uveitis -4

Retinal disorders - 5

Retinal disorders - 5 Oculartrauma - 6

Oculartrauma - 8 Ocular surgery - 11

Ocular surgery - 8

Group A (250) Group B (250)

Figure |. Scheme of the study.

Our study population ranged from 18 to 45 years of age,
with the highest number of participants in the age group
22-27 years in both groups. These demographics are illus-
trated in Figure 2.

The mean duration of exposure to high altitude in subjects
in Group A was |7 months (ranging from 12 months to 26
months). We collected history from the study participants in
Group A for the occurrence of any acute ocular phenomenon
previously reported in association with high altitude like acute
angle-closure glaucoma or blurring of vision. There was no
occurrence of retinal hemorrhages, cortical blindness, photo-
conjunctivitis, photophthalmia, or reduced color perception
in the study population in Group A. There was a single case
of conjunctivitis in the study population, which was likely to
be viral in etiology as per the findings of clinical examination.

There was no significant difference in BCVA in Groups A

Age Distribution

and B. Similarly; there was no statistical difference in spheri-
cal or cylindrical refraction in the two groups.

The mean IOP in Group A in the right eye was 14.36 mm
of Hg (SD-2.83); in the left, it was 15.26 mm of Hg (SD-3.02).
The mean IOP in Group B in the right eye was 14.76 mm of
Hg (SD-2.55); in the left, it was 14.58 mm of Hg (SD-2.65).
On analysis by paired t-test, there was no statistically signifi-
cant difference between the two groups (p=0.45).

The mean central corneal thickness in Group A in the right
eye was 535.86 microns (SD-61.14); in the left, it was 534.43
microns (SD-20.11). The mean central corneal thickness in
Group B in the right eye was 528.94 microns (SD-31.13), and
in the left, it was 527.50 microns (SD-58.57). There was a mild
increase in the corneal thickness in both eyes in Group A,
which was not statistically significant (p=0.67).

We found a statistically significant decrease in the value
of Schirmer’s test in Group A - suggesting an increase in dry
eye. The mean value in Group A in the right eye was 14.44
s (SD-5.13); in the left, it was 14.64 s (SD-4.99). The mean
value in Group B in the right eye was 16.33 s (SD-1.70); in
the left, it was 16.50 (SD-1.65). This difference was signifi-
cant, with a p<0.00001.

One of the interesting aspects of the study was that
we found four cases of central serous retinopathy (CSR).
These patients were aged between 25 and 32 years. They
presented with complaints of blurring of vision and central
scotoma in the central visual field. There was also one pa-
tient with central retinal vein occlusion (CRVO) who was 45
years old. He had presented with gross diminution of vision
in the left eye. Although the literature shows an increased
incidence of RVOs at high altitude 12, this particular patient
was also found to have homocysteinemia, which might be a
confounding factor for CRVO.

To summarize, the Student’s paired t-test revealed a sta-
tistically significant increase in the dry eye in Group A. We
also found four cases of CSR and one case of CRVO. There
was no statistically significant change in visual acuity, IOP,
or central corneal thickness. The results are summarized in
Figure 3 and Table 2.

Figure 2. Age distribution in Group A and Group B.

Figure 3. Comparison of key study parameters in Group A and B.
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Table 2. Summary of results

IOP (mm of Hg)

Schirmer test (mm)

Central corneal thickness (microns)

Group A right eye 14.36
Group A left eye 15.26
Group B right eye 14.76
Group B left eye 14.58
P-value between groups A and B 0.45

14.44 535.86
14.64 534.43
16.33 528.94
16.50 527.50
<0.00001 0.67

Discussion

The adverse effects of high altitude on the eyes have been
known for over a century, with a report published as early
as 1918 (12). There has been a tremendous increase in ex-
posure of the general population to high-altitude regions for
mountaineering and adventure activities. There is also an in-
creasing trend of lowlanders settling in high altitudes for var-
ious reasons. In addition, the topic is already vital to Armed
Forces, which are more prone to these adverse effects due
to their prolonged exposure and strenuous routine at high
altitudes.

At near sea level, the fraction of inspired oxygen (FiO,)
value is approximately 19.8-20.9%, which gradually de-
creases on the ascent to altitude such that it is around
14.8-16.7% at moderate high altitude of 2000-3000 m
(13). This reduced FiO, value represents natural stress. In
addition, high solar UV radiation is also hazardous to the
eyes at high altitudes (14). We have already emphasized
that there is no data available on the effect of this mod-
erate high altitude on the eyes, with most of the studies
focusing on mountaineering expeditions working at very
high and/or extreme altitudes.

IOP

The IOP within the normal population ranges from || to 21
mm of Hg and varies with the time of day, heartbeat, blood
pressure, and respiration (15). From a physiologic point of
view, an active metabolic process (15) like aqueous humor
secretion should reduce at high altitudes due to hypoxia and
hypothermia. However, there is wide variation in the litera-
ture about change in IOP on the ascent to high altitude (3-6).
However, various confounding factors may cause this varia-
tion, including but not limited to any physical exercise or the
time of the day when IOP is measured. One of the trials on
this topic found that IOP rises on arrival at altitude but re-
duces with time and returns to normal (16). The same study
also proposes that increased episcleral venous pressure due
to decreased oxygen saturation is the most likely cause of
this transient increase in IOP. We did not find a significant
change in IOP at moderate high altitude.

The Cornea

It is well known that the cornea swells in response to hy-
poxia. This is most commonly associated with contact lens
use. The normal human cornea swells by 7% per hour in an
oxygen-free environment (17). There is also diurnal vari-
ation in central corneal thickness with a change of up to
3.9% overnight (18). The previous studies have shown a
significant increase in corneal thickness with an increase in
altitude (19). This is likely due to a combination of hypoxia
and endothelial dysfunction (10). We did not find a signifi-
cant change in central corneal thickness at moderate high
altitude.

HAR

The retinal vascular engorgement at high altitude was first
described in 1918 by Wilmer and Berens (20). However,
the first description of HAR is credited to Singh et al.
(21) HAR is the pathological response of the retina to the
hypoxia encountered at high altitude. This manifests as
flame hemorrhages, cotton wool spots, dot and blot, and
pre-retinal hemorrhages. It is usually asymptomatic, but
a hemorrhage near the macula can cause vision distur-
bances, for which there are multiple case reports in the
literature (22-24). These hemorrhages typically resolve
without sequelae. Interestingly, there is a statistically sig-
nificant correlation between HAR and high-altitude cere-
bral edema (9).

The incidence of HAR varies from 3.8%(8) to 90.5%(9) in
different studies. The incidence increases with the maximum
altitude attained (25). There are multiple theories for HAR’s
pathophysiology, including increased ocular blood flow, (24)
increased |OP, (26) increased blood pressure, (5,26) raised
intracranial pressure, (5,26) vascular dysregulation, (27) in-
creased blood viscosity, (28) hypoxic endothelial decompen-
sation, (29) and platelet microemboli (30).

We did not find any cases of HAR in our study. However,
we found four cases of CSR and one case of CRVO in our
study population. The association of CRVO (31) and CSR
(32) with high altitude has been described in the literature
(Figs. 4 and 5). However, this association requires further
study.
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Figure 4. Fundus photo shows subretinal fluid over macula (green ar-
row) and pigment epithelial detachment (white arrow). These findings
are diagnostic of central serous retinopathy.

Figure 5. Fundus photo shows multiple blot hemorrhages (green ar-

row), exudates (yellow arrow), tortuous and dilated veins (blue arrow),
and optic disc edema (white arrow). These findings are diagnostic of
central retinal vein occlusion.

Dry Eye Syndrome

The low humidity at the high-altitude results in increased
tear film evaporation, resulting in increased tear film osmo-
larity and eventually dry eye disease. The harsh environmen-
tal factors like severe cold weather and wind chill factor can
also lead to reduced tear film stability and increased tear

break-up. The previous studies have reported a prevalence
of dry eye symptoms in 52.4-54% at extreme high altitude
(33,34). Our study has also found a significant increase in dry
eye syndrome at moderate high altitude.

Effect of UV Radiation

The sunrays at high altitude are rich in UV radiation, which
has short-term and long-term effects on the eyes. These ef-
fects partially depend on natural defenses (brow ridge, eye-
lashes, eyebrows, constriction of pupil, and the squinting of
the eye) and artificial protection (hats and sunglasses). The
short-term effects are photoconjunctivitis and photoph-
thalmia. The photoconjunctivitis manifests as watering from
the eyes with conjunctival congestion and is usually short-
lived. Photophthalmia is a more severe condition that occurs
6-8 h after exposure in the form of pain, foreign body sen-
sation, and photophobia. This is also a self-limited condition.
We did not encounter either of these condition in our study
participants.

The long-term effects include the formation of pterygium,
climactic droplet keratopathy, and permanent endothelial
morphological changes. Some studies show an increased risk
of cortical cataract formation at high altitude (14). However,
other trials refute this correlation (35).

Visual Functions at High Altitude

There is no significant decrease in visual acuity and color
perception in high-altitude regions (36,37). However, in a
small study group, there was a reduction in the amplitude of
convergence with preserved amplitude of accommodation
on the ascent to high altitude. We did not study the effects
of contact lens use in high altitudes due to the absence of
their use in our study population.

Conclusion

We found an increased incidence of dry eye syndrome at
moderate high altitude. However, the moderate high alti-
tude had no significant ocular effect on visual acuity, IOP, or
central corneal thickness. We also found four cases of CSR
and one case of CRVO in our study population. Due to the
small sample size, the authors do not imply that exposure to
high altitude resulted in CSR, and this association requires
further evaluation. We also acknowledge that we could not
establish a temporal correlation between the time spent in
high-altitude region and the frequency of ophthalmic com-
plications.

This is the first study on this subject at a moderate high
altitude, and further studies are required to consolidate the
present study’s findings. Our study can act as a guideline for
health advisories for deploying Armed Forces of various
countries to moderate high altitude. This would also assist
in planning long tourist expeditions in the hilly regions. In
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addition, we also recommend that any symptoms of CSR
or CRVO, like diminution of vision, blurring of vision, or
central visual field defects, should be promptly evaluated by
an ophthalmologist. There is a vast lacuna in the literature
on this particular altitude range, and further studies are re-
quired to confirm our findings. It is also recommended that
lubricant eye drops be advised as a standard prophylactic
measure for all individuals traveling and staying at moderate
high altitude.
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