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HYPOGRAVITY AS A RISK FACTOR FOR INCREASED INTRAOCULAR PRESSURE
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Space medicine has long studied the impact of reduced gravity on the human body. Increasing complaints of insufficient visual acuity during and after space
flights have been recently drawing a lot of attention to the effects of hypogravity on astronauts’ vision. Abnormally high intraocular pressure (IOP) is one of the
most clinically important changes occurring during space missions. It is a serious condition that often causes irreversible damage to the optic nerve and blindness.
The aim of this study was to explore the effect of reduced gravity on IOP. The study recruited 48 young healthy men with the mean age of 22 years, who formed
2 equally sized groups. In the experimental group, hypogravity was simulated by placing the subjects into the orthostatic position for 21 days. IOP was measured at 4
time points using a Maklakov tonometer. Z-approximation of the Wilcoxon T test was applied. The average increase in IOP in the experimental group was 3.42 + 0.03 mmHg
(p < 0.01). The changes were, however, transient, and IOP levels went back to normal right after the exposure to hypogravity conditions was terminated.
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rMMMNorrPABUTALNA KAK ®AKTOP PUCKA MOBbILLEHNA YPOBHA BHYTPUTTIASHOIO OABJIEHUA
M. A. Banax'®= [1. B. Kau', H. I". Tnasko?, M. B. BapaHos®

T Poccuiickunii HaLMOHaNbHbIA MCCReoBaTeNbCKUi MeaNLUMHCKIIA yHUBepcuTeT umenn H. V1. Muporosa, Mockea, Poccus
2 Topopackas knuHndeckast 6onbHuLa Ne 15 nmenn O. M. dunatosa, Mocksa, Poccus
3 Hay4Ho-vccnenoBaTenbCKuin UHCTUTYT KOCMUYECKOM MeavumHbl, Mocksa, Poccus

KocMnyeckas MefyiLviHa AaBHO 3aHMMAETCst MCCenoBaHNeM BO3LEVICTBYMS YCMOBUIA USMEHEHHON rpaBUTaLyn Ha OpraHnaM Yenoseka. 3a nocnegHee Bpemsi Bce
6onblUe BHYMaHWS CCneaoBaTenn yaenstoT N3MEHEHNAM CO CTOPOHbI opraHa 3peHns. B nepByto ovepeab, 9TO CBA3aHO C YBEMHEHMEM »Kanob KOCMOHABTOB
Ha HEeLOCTATOYHYIO OCTPOTY 3PEHUSI BO BPEMS 1 MOCNE OKOHYaHUS KOCMUYECKUX NoneToB. Cpean Hanbonee BaXKHbIX M3MEHEHWIA Yy HIX Oblo 0OHAPYXEHO
MoBbILLEHVE BHYTPWMMa3Horo dasnenns (BM) — Hanbonee onacHas MaTtonorusl, Hepeako NPYBOASALLAS K HEOOPATVMON CiernoTe 3a CHET MOPaXKeHS 3pUTENBHOMO
HepBa. Llenbto nccnenoBaHns Gbio BbISCHUTL BAUSHUE M3MEHEHHOW rpaBuTaummn Ha odTanbMOTOHYC. [ns aToro 48 300pOBbIX MYyXUVH, CPeAHUA BO3pacT
KOTOPbIX He MpeBbiwan 22 roaa, 6binn pasfeneHbl Ha ABe paBHble MO YMCIEHHOCTM MPYMMbl: FPYMMy KOHTPONMS 1 rpynry, B KOTOPOW MOAENMPOBai yCnoByist
rMnorpasmTaLMm NyTeMm MOMELLEHVS UCMbITYeMbIX B OPTOCTATUHECKOE MONOXKEHME Ha Bpemst BCEro akcrnepvmenTa (21 cytku). amepenve Bl nposogwnmm B
YeTbIPEX KOHTPOSbHBIX TOYKaX aKCMeprMeHTa C MOMOLLbIO TOHOMeTpa Maknakosa. Bbina ncnonb3oBaHa Z-annpokcumauust T-kputepuns YunkokcoHa. CpeaHee
yBenuyeHve BILl B rpynne MomenmpoBaHust runorpasutaumm coctasuno 3,42 + 0,08 MM pT. CT. (o < 0,01). CTOUT OTMETUTB, YTO JaHHbIE M3MEHEHWSI HOCUIN
TPaH3UTOPHbIA XapakTep 1 MOCe OKOHYaHWS BO3AENCTBUS YCIOBUN M3MEHEHHOW rpaBmUTaLyn NoKasaTenm BEPHYIMCh K UCXOOHbIM 3HAYEHNSM.

KniouyeBble cnosa: OpTOCTaTM4ECKOE MNOXKEHVEe Tena, rmrnorpasUTauys, KOCMUHYECKIIA MONET, BHYTPWIMa3Hoe AgasrieHne
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The impact of extraterrestrial gravity on the human body during
space missions has long been the subject of scientific research.
But it was not until recently that researchers started to look into
its effects on the vision of astronauts. There have been reports
of elevated intraocular pressure (IOP) following exposure to
hypogravity, or a decreased gravitational field. This type of

gravity has been discovered on the Moon and is believed to be
present on other planets of the Solar System [1-5].

The earliest evidence of elevated IOP during a space
flight was obtained using a manual applanation tonometer: it
showed a 20-25% increase in IOP within the first hour after
takeoff [6].
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Other researchers reported elevated IOP in more than half
of astronauts during an orbital flight; the measurements were
taken with a Tono-pen tonometer [7].

The following study was inspired by the reports of our
foreign colleagues about changes to the eye structure and
vision during space flights, the growing number of space
missions, and the fact that elevated IOP can cause irreversible
damage to the optic nerve head, eventually leading to visual
impairment or blindness. The aim of the study was to explore
how hypogravity affects intraocular pressure. It should be noted
that our overseas colleagues also point to other changes that
occur to the eye in space; however, none of such changes are
as pronounced as an increase in intraocular pressure.

METHODS

The study was conducted in July 2016 at the facilities of the
Department of Ophthalmology (Nesterov Faculty of General
Medicine, Pirogov Russian National Research Medical
University), Filatov State Clini ospital No. 15 and Research
Institute for Space Medicine @

The study recruited 48 male participants (96 eyes) aged
18-35 years who were in good physical shape, had no
refractive errors (i.e. were emmetropic) or had mild or moderate
myopia (up to -6 diopters). Individuals with acute eye
conditions, corneal dystrophy, severe myopia (-6 diopters or
more), previous corneal surgery, other pathologies, as well as
females or males of different age were excluded from the study.
The participants were divided into 2 equally sized groups using
sealed envelopes (open-label controlled randomization).

Statistical analysis was carried out in Statistica 8.0 (StatSoft
Inc.; USA). Variables that had normal distribution are presented
below as M + m, where M is the mean, m is the standard error.
For pairwise comparison of two independent samples, the
Mann-Whitney U test was applied. For repeated intragroup
comparison, the Wilcoxon T test was used. Significance
threshold was < 0.05.

In group 1, hypogravity was simulated at daytime by placing
the participants into an orthostatic position so that an angle
between the upper part of the body and the horizontal axis
was +9.6°; at night the participants took a horizontal position.
The experiment lasted for 21 days. To minimize exposure to
any external stimuli, the rooms where the subjects were staying
were sound-proof; the windows were locked tight. Only medical
staff were allowed into the rooms; visits from family and friends
were forbidden. Group 1 could use their phones or computers
or read books according to the schedule. Medical tests and
personal hygiene procedures could be performed with the
participants lying horizontally. Meals could also be taken in bed

Group 2 was the control group. No limitations were
imposed on the body position in group 2 at daytime. At night
(from 11 pm to 8 am) the participants lay in bed in the horizontal
position. Medical tests were the same as in group 1 and were
scheduled on the same days. Group 2 were allowed to take
walks on the premises and receive visits from their family and

Table 1. Characteristics of the groups
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friends. Their rooms were not sound-proof, the windows could
be opened any time (Table 1).

For measurements and examinations, 4 basic time points
were defined: 1) the time point of initial measurements, which
was 1 day before the actual start of the experiment (i.e. before
the participants were placed under simulated hypogravity
conditions); 2) day 11 of the experiment; 3) day 21 of the
experiment; 4) day 1 after the experiment was over (i.e. after
the participants were allowed to leave the premises).

IOP was measured in the morning, because it is when it
reaches its maximum, on the days specified above.

Besides, all study participants underwent ophthalmoscopy
on the days specified above, as well as computerized perimetry
before and after the experiment in order to detect possible
damage to the optic nerve.

IOP measurements

IOP was measured with an applanation Maklakov tonometer
(Krasnogvardeets; Russia) that had a 10 g plunger weight.
The obtained data were converted into mmHg (P using
the Nesterov-Egorov conversion ruler. Normal I0P (P,) is
10-22 mmHg when measured with a Maklakov tonometer with a
10 g plunger weight.

Direct ophthalmoscopy

Direct ophthalmoscopy of the ocular fundus was performed
using a BXa ophthalmoscope (certificate No. 2005/1022;
NEITZ; Japan). During the experiment, no eyedrops were used,
so the pupils were left undilated for the procedure However,
mydriasis was induced to take measurements before the
experiment and 1 day after it was over.

Computerized perimetry

Visual fields were measured by static perimetry using a
Humphrey Field Analyzer Il 750i (certificate No. 2008/02964;
Zeiss; Germany). The analysis of the obtained data accounted
for the number of false-positive and false-negative responses
and the loss of fixation.

RESULTS

We observed a statistically significant increase in IOP (3.33 +
0.08 mmHg) in all members of group 1 (the hypogravity model)
onday 11. On day 21, IOP continued to grow (the increase was
42 + 0.03 mmHg) relative to its value before the experiment.
ill, it should be noted that on day 1 after the experiment was
completed, IOP dropped to the level comparable to its values
before the experiment (Table 2).

Direct ophthalmoscopy revealed no abnormalities in any of
the participants in the course of the experiment. The optic disc
head was pale pink, excavation was physiological (0.3-0.4).
The vascular bundle was localized to the center. The trajectory

Parameter
Groups Number of . .
patients/eyes Spatial body position Mean age, years
Group 1: hypoaravit The orthostatic position with a +9.6° body tilt at day time
p1: hypog Y 24/48 alternated with the horizontal position at night (days 1 through 21.75 + 3.83
model .
21 of observation)
i No limitations on the body position
Group 2: control 24/48 (days 1 through 21 of observation) 21.21 +2.54
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Table 2. Intraocular pressure in the experimental group

Parameter
Time points
Mean IOP + standard error, mmHg
Initial 15,75 £ 0,72
19,08 + 0,64
Day 11
A initial — day 11 of the experiment 333;:0%108
19.17 £ 0.69
Day 21
A initial — day 21 of the experiment 3;12;_6%103
15.67 + 0.62
Day 1 after the experiment was completed
A initial — day 1 after the experiment 0,('703 g (())51
Table 3. Intraocular pressure in the control group
Parameter
Time points
Mean IOP + standard error, mmHg
Initial 15.75 £ 0.72
15.79 £ 0.73
Day 11
A initial — day 11 of the experiment 034)%%;”
15.71 £ 0.71
Day 21
A initial — day 21 of the experiment 0,24)1(—)(());)1
15.77 £ 0.71
Day 1 after the experiment was completed
A initial — day 1 after the experiment Ogi%%g

and caliber of blood vessels was unchanged. No abnormalities
were observed in the macular zone. No peripheral ruptures or
dystrophy were noticed.

Computerized perimetry revealed no absolute scotomas or
significant enlargement of the blind spot in group 1.

In the control group, IOP was stable throughout the
experiment and upon its completion. Its values fell within the
normal reference range in all members of group 2 (Table 3).
Similar to group 1, no pathologies were detected during direct
ophthalmoscopy and computerized perimetry.

Statistical analysis of IOP changes assisted by the Mann-
Whitney U test for two independent samples showed that
Uemp_ was 0 in both groups whereas U_, was 834 (p < 0.01),
suggesting statistical significance and reliability of the obtained
results.

DISCUSSION

Hypogravity causes elevated intraocular pressure. We
discovered a reliable and statistically significant increase in IOP
that rose by an average of 3.42 + 0.03 mmHg. However, this
effect was transient because a day after the experiment was
over, |IOP was restored to normal values.
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