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Effects of water drinking on corneal biomechanics: The association with 
intraocular pressure changes
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Purpose: We aimed to assess the impact of drinking water  (500 and 1000  mL) on corneal biomechanics 
and determine the level of association between changes in intraocular pressure and variations in the 
different biomechanical properties of the cornea. Methods: A  total of 39 healthy young adults ingested 
either 1000 mL (n = 21) or 500 mL (n = 18) of tap water in 5 min. The CorVis ST system was used to assess 
corneal biomechanics at baseline and at 15, 30, and 45 min after water ingestion. Results: Water drinking 
induced statistically significant changes in the deformation amplitude  (P  <  0.001, η² = 0.166), highest 
concavity time  (P  = 0.012, η² = 0.093), peak distance  (P  < 0.001, η² = 0.171), time and velocity of the first 
applanation (P < 0.001, η² = 0.288 and P = 0.016, η² = 0.087, respectively), and time and velocity of the second 
applanation (P = 0.030, η² = 0.074 and P = 0.001, η² = 0.132, respectively), being independent of the amount 
of water ingested (P > 0.05 in all cases). There were significant associations between changes in intraocular 
pressure and some parameters of corneal biomechanics. Conclusion: Small variations in whole‑body 
hydration status alter different biomechanical properties of the cornea, with these changes being associated 
with intraocular pressure levels. These findings indicate that whole‑body hydration status can be considered 
for the diagnosis and management of different ocular conditions.
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Human physiology is altered by internal and external factors that 
must be compensated for by immediate or long‑term adaptations 
to preserve homeostasis.[1] In regard to ocular physiology, 
several aspects, such as circadian variations,[2] psychological 
background,[3,4] physical exercise,[5] and diet,[6] have been 
demonstrated to affect different ocular indices. Remarkably, the 
short‑term effects of hydration on ocular physiology have been 
investigated, showing that water loading induces significant 
changes in axial length[7] and intraocular pressure.[8] In addition, 
whole‑body hydration status is associated with tear osmolality[9] 
and different corneal properties,[10] suggesting that hydration 
status must be taken into account by ophthalmologists and 
optometrists when interpreting clinical signs.

In this regard, an acute reduction of central corneal 
thickness has been observed after corneal dehydration.[11] 
However, a recent investigation suggested that water intake 
decreases viscosity and cancels out the effect of the increase 
in thickness.[12] Moreover, the refractive index of the cornea is 
negatively associated with its water content, and the ablation 
effects of excimer laser techniques are affected by corneal 
hydration levels.[10] Interestingly, recent animal studies have 
demonstrated that corneal biomechanical properties are 
modulated as a function of corneal hydration levels.[13–15]

Based on the previously mentioned scientific evidence 
associated with the impact of water intake on different ocular 
parameters,[7,8] we decided to explore the effects of different 
levels of whole‑body hydration on corneal biomechanics by 

using recent technological developments for the analysis of 
corneal biomechanics. Therefore, the main objectives of the 
present study were (i) to assess the short‑term effects of water 
loading on the biomechanical properties of the cornea, (ii) to 
determine the influence of the amount of water ingested (500 mL 
vs. 1000 mL), and (iii) to explore whether the changes in the 
different parameters of corneal biomechanics are associated 
with the intraocular pressure (IOP) variation caused by water 
loading. As water is a major constituent of the eye[16] and 
changes in corneal hydration have been demonstrated to induce 
variations in central corneal thickness,[11] we hypothesized 
that (i) drinking a considerable amount of water would alter the 
biomechanical properties of the cornea (as it has been shown for 
other ocular indices),[7,8] (ii) these changes would be dependent 
on the amount of water ingested,[13] and (iii) the IOP variations 
induced by water intake would be associated with changes in 
the biomechanical properties of the cornea.[17]

Methods
Participants and ethical approval
The sample size was calculated based upon an a priori power 
analysis using GPower 3.1 software.[18] As this study was the 
first of its nature and because of the lack of applicable data, 
this analysis was based on an assumed effect size of 0.20, an 
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alpha of 0.05, and a power of 0.80. This analysis projected 
a minimum sample size of 36. A  total of 39 healthy young 
adults took part in this study and were randomly assigned 
to one of the two experimental conditions (1000 mL (n = 21) 
and 500  mL  (n  =  18))  [see Table  1 for a description of the 
experimental sample]. All participants were free of any 
ocular or systemic disease and had no history of refractive 
surgery and orthokeratology. In addition, we did not include 
people who wore contact lenses. This study was conducted in 
accordance with the Declaration of Helsinki, and permission 
was obtained from the University of Granada Institutional 
Review Board  (IRB approval: 438/CEIH/2017). Informed 
consent was obtained from all participants included in the 
study.

Instrument
We used the  cornea l  v i sua l iza t ion  Sche impf lug 
technology  (CorVis ST; Oculus, Wetzlar, Germany), which 
provides repeatable and accurate measurements of the 
biomechanical properties of the cornea.[15,19,20] This instrument 
is a non‑contact tonometer, which is synchronized with an 
ultra‑high‑speed Scheimpflug camera that allows one to take 
4330 images/s and 8.5‑mm horizontal corneal coverage to 
determine the corneal response to an air puff pulse (see Hon 
and Lam[19] for a description). The analysis of the corneal 
deformation caused by the air puff indentation provides 
different parameters related to corneal biomechanics, 
including indices (time, velocity, and length) of the flattened 
cornea in the first applanation  (inward applanation). Due 
to the viscoelastic properties of the cornea, it rebounds 
from the point of highest concavity to another point of 
applanation (the second applanation, outward applanation) 
and then returns to its natural convex curvature. Other 
indices commonly analyzed with this apparatus are the 
maximum deformation amplitude of the cornea at the highest 
concavity, the distance of the two apexes of the cornea at the 
highest concavity (peak distance (PD)), time from the start 
of deformation until the time at which the highest concavity 
of the cornea is reached  (highest concavity time), and the 
central curvature radius at the highest concavity  (highest 
concavity radius).[19,21] In addition, the CorVis ST measures 
central corneal thickness (CCT) and IOP.

Experimental design and procedure
We used a mixed design to assess the influence of ingesting 
1000 and 500  mL of water on corneal biomechanics. The 
within‑participants factor was the point of measure (baseline, 
15 min, 30 min, and 45 min), whereas the between‑participants 
factor was the amount of water ingested (1000 and 500 mL). 
We considered the following indices given by the Corvis 
ST system as dependent variables: non‑corrected IOP; 
biomechanically corrected IOP  (bIOP); central corneal 

thickness  (CCT); deformation amplitude  (DA); highest 
concavity (HC) time; peak distance (PD); highest concavity 
curvature (HC radius); and time, length and velocity of the 
first and second applanations  (A1 time, A1 length, and A1 
velocity and A2 time, A2 length, and A2 velocity). Only the 
right eye was assessed. All measurements were taken by the 
same examiner, and the Corvis ST readings with alignment 
errors were discarded.

The participants were asked to abstain from any food or liquid 
2 h prior to the test.[7,8] The participants were asked to refrain 
from alcohol and caffeine‑based drinks 12 h before presenting 
to the laboratory and to sleep at least 7 h the preceding night. 
Corneal biomechanics were measured immediately before 
the ingestion of water (baseline measurement). After this first 
measurement, they were asked to drink either 1000 or 500 mL 
of tap water in 5 min, with the amount of water ingested being 
chosen in a random manner. After this, corneal biomechanics 
were evaluated 15, 30, and 45 min after water intake.

Statistical analysis
Before any statistical analysis, the normal distribution 
of the data  (Shapiro–Wilk test) and the homogeneity of 
variances  (Levene’s test) were confirmed  (P  >  0.05). We 
performed separate mixed analyses of variance  (ANOVAs) 
for each of the dependent variables, considering the point 
of measure as the only within‑participants factor and water 
intake as the only between‑participants factor. Additionally, 
we performed bivariate correlations between the IOP changes 
after 15, 30, and 45 min of water intake and the changes of the 
different indices of the corneal biomechanics at the same points 
of measure. We reported Cohen’s d and eta‑squared  (ƞ2) as 
effect size indices, and post hoc tests were corrected using the 
Holm–Bonferroni procedure. The level of statistical significance 
was set at 0.05.

Results
Table  2 shows the descriptive values for all the variables 
for corneal biomechanics assessed at the different points of 
measure in both experimental conditions.

There was a main effect of the point of measure for the IOP 
and bIOP values (F3,111 = 11.39, P < 0.001, η² = 0.232 and F3,111 = 8.71, 
P  <  0.001, η² = 0.185, respectively). However, the amount 
of water intake or the interaction point of measure  ×  water 
intake did not reach statistical significance for either the 
IOP (F1,37 = 0.01, P = 0.926 and F3,111 = 0.77, P = 0.515, respectively) 
or bIOP values (F1,37 = 0.10, P = 0.754 and F3,111 = 1.36, P = 0.259, 
respectively). Post hoc tests for the IOP and bIOP values 
showed a statistically significant IOP rise 15 min  (corrected 
P < 0.001, d = 0.76 and corrected P = 0.001, d = 0.66, respectively), 
30 min (corrected P < 0.001, d = 0.67 and corrected P = 0.002, 

Table 1: Descriptive (mean±standard deviation) characteristics of the experimental sample

1000‑mL group 500‑mL group Total sample

Sample size 21 18 39

Age (years) 22.4±5.0 22.7±5.3 22.5±5.1

Gender (males/females) 9/12 7/11 16/23

Central corneal thickness (μm) 564.8±33.2 565.4±29.3 565.1±31.1
Intraocular pressure (mm Hg) 16.0±2.7 16.3±2.6 16.2±2.7
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d = 0.63, respectively) and 45 min (corrected P = 0.004, d = 0.57 
and corrected P = 0.002, d = 0.61, respectively) after water intake 
in comparison to the baseline measurement  [Fig.  1]. For its 
part, no statistically significant differences for either the point 
of measure (F3,111 = 1.43, P = 0.238), water intake (F1,37 = 0.06, 
P  =  0.815) or the interaction point of measure  ×  water 
intake (F3,111 = 0.40, P = 0.752) were found for CCT.

The analysis of the DA showed a statistically significant 
effect for the point of measure (F3,111 = 7.55, P < 0.001, η² = 0.166), 
whereas no differences were obtained for the water intake of 
the interaction point of measure × water intake  (F1,37  = 0.01, 
P = 0.996 and F3,111 = 0.99, P = 0.399, respectively). Post hoc tests 
revealed that there were statistically significant differences 
for the comparisons at baseline versus 15  min  (corrected 
P  <  0.001, d  =  0.67), baseline versus 30  min  (corrected 

P  =  0.011, d  =  0.53), and 15  min versus 30  min  (corrected 
P = 0.044, d = 0.43)  [Fig. 2, panel a]. The HC time exhibited 
statistical significance for the main effect of the point of 
measure  (F3,111  =  3.82, P  =  0.012, η² = 0.093), whereas the 
main effect of water intake and the interaction point of 
measure  ×  water intake were far from reaching statistical 
significance (F1,37 = 0.07, P = 0.788 and F3,111 = 0.39, P = 0.758; 
respectively). Post hoc tests demonstrated that the HC time 
was slower 30 and 45 min after water intake in comparison to 
the baseline measurement (corrected P = 0.043, d = 0.44 and 
corrected P  =  0.002, d  =  0.62, respectively)  [Fig.  2, panel b]. 
The PD demonstrated a statistically significant effect for the 
point of measure (F3,111 = 7.77, P < 0.001, η² = 0.171). However, 
the main factor for water intake and the interactive effect 
of point of measure  ×  water intake did not show statistical 

Figure 1: Scatterplot and boxplot of the effect of water intake on intraocular pressure. The difference between the measurement taken after water 
ingestion and the baseline measurement for the non‑corrected intraocular pressure values are displayed in (a) whereas the biomechanically 
corrected intraocular pressure values are shown in panel (b) * denotes statistically significant differences in comparison to the baseline 
measurement (corrected P < 0.05). The whiskers represent the interquartile range, and the horizontal lines indicate the median value

ba

cba

Figure 2: Scatterplot and boxplot of the effect of water intake on deformation amplitude (a), time from starting until highest concavity is reached (b), 
and distance between the two peaks of the cornea at highest concavity (c). * denotes statistically significant differences in comparison to the 
baseline measurement (corrected P < 0.05). The whiskers represent the interquartile range, and the horizontal lines indicate the median value
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Table 3: Pearsonxs product‑moment correlation coefficients (Pearson r [P value]) of changes in intraocular pressure with 
changes in corneal biomechanical parameters at the different points of measure

Changes in intraocular pressure (mm Hg)

After 15 min of water intake After 30 min of water intake After 45 min of water intake

CCT (µm) −0.191 (0.243) −0.180 (0.273) −0.090 (0.588)

A1 time (ms) 0.977 (<0.001) *** 0.975 (<0.001) *** 0.966 (<0.001) ***

A1 length (mm) 0.503 (0.001) ** 0.590 (<0.001) *** 0.632 (<0.001) ***

A1 velocity (m/s) −0.366 (0.022) * −0.253 (0.120) −0.406 (0.010) *

A2 time (ms) −0.735 (<0.001) *** −0.664 (<0.001) *** −0.769 (<0.001) ***

A2 length (mm) 0.060 (0.719) 0.255 (0.117) 0.281 (0.083)

A2 velocity (m/s) 0.544 (<0.001) *** 0.564 (<0.001) *** 0.576 (<0.001) ***

HC time (ms) 0.210 (0.199) −0.019 (0.910) 0.106 (0.520)

HC radius (mm) 0.193 (0.293) 0.019 (0.923) 0.248 (0.128)

PD (mm) −0.786 (<0.001) *** −0.871 (<0.001) *** −0.813 (<0.001) ***
DA (mm) −0.735 (<0.001) *** −0.673 (<0.001) *** −0.724 (<0.001) ***

Abbreviations: CCT=central corneal thickness; A1 time=time of the first applanation; A1 length=length of the first applanation; A1 velocity=velocity of the first applanation; 
A2 time=time of the second applanation; A2 length=length of the second applanation; A2 velocity=velocity of the second applanation; HC time=time for reaching the 
highest concavity; HC radius=central curvature radius at the highest concavity; PD=distance of the two apexes of the cornea at the highest concavity; DA=maximum 
deformation amplitude of the cornea at the highest concavity. *, **, and *** denote statistically significant differences (P<0.05, 0.01, and 0.001, respectively)

significance (F1,37 = 0.20, P = 0.654 and F3,111 = 0.56, P = 0.646, 
respectively). Post hoc tests showed a shorter PD for the 
measurements taken 15 and 30 min after water intake when 
compared with the baseline reading (corrected P < 0.001, d = 0.68 
and corrected P < 0.020, d = 0.49, respectively) [Fig. 2, panel 
c]. The HC radius did not yield differences for either the point 
of measure (F3,111 = 0.20, P = 0.900), water intake (F1,37 = 0.48, 
P = 0.491) or interaction (F3,111 = 2.10, P = 0.104).

The A1 time was sensitive to the point of measure (F3,111 = 15.30, 
P < 0.001, η² = 0.288), but no effects were found for the factors 
of water intake and the interaction point of measure × water 
intake  (F1,37  =  0.02, P  =  0.961 and F3,111  =  0.84, P  =  0.476, 
respectively). Post hoc comparisons exhibited that the A1 time 

was greater 15, 30, and 45 min after water intake in comparison 
to the baseline measurement (corrected P < 0.001 in the three 
cases and d = 0.81, 0.88, and 0.70, respectively) [Fig. 3, panel a]. 
The A1 length did not reach statistical significance for any of 
the two factors (F3,111 = 1.17, P = 0.325 and F1,37 = 0.03, P = 0.873 
for the point of measure and water intake, respectively), as 
well as for the interaction (F3,111 = 0.70, P = 0.555). For its part, 
the A1 velocity yielded statistical significance for the point of 
measure (F3,111 = 3.58, P = 0.016, η² = 0.087), whereas the water 
intake (F1,37 = 0.11, P = 0.739) and the interaction (F3,111 = 0.47, 
P = 0.706) were far from showing any significance. Post hoc 
tests between the different points of measure were statistically 
insignificant (all with a corrected P > 0.05) [Fig. 3, panel b].

Table 2: Average±standard deviation values for corneal biomechanics indices at the different points in both experimental 
conditions

Baseline 15 min 30 min 45 min

1000 mL 500 mL 1000 mL 500 mL 1000 mL 500 mL 1000 mL 500 mL

IOP (mm Hg) 16.0±2.8 16.3±2.6 17.9±3.6 17.5±3.7 17.6±4.1 17.8±4.2 17.5±3.9 17.1±3.3

bIOP (mm Hg) 15.4±2.1 15.8±2.0 17.6±16.7 16.7±2.9 16.8±3.1 16.8±3.4 16.9±2.8 16.4±2.7

CCT (µm) 564.8±33.2 565.4±29.3 563.1±32.5 567.0±24.3 565.5±34.4 567.9±29.1 562.5±31.6 564.7±27.3

A1 time (ms) 7.46±0.41 7.51±0.36 7.74±0.53 7.71±0.51 7.72±0.56 7.74±0.53 7.72±0.55 7.65±0.46

A1 length (mm) 0.13±0.01 0.13±0.01 0.13±0.01 0.13±0.01 0.13±0.01 0.13±0.01 0.13±0.01 0.13±0.01

A1 velocity (m/s) 0.14±0.02 0.13±0.02 0.13±0.02 0.13±0.02 0.13±0.02 0.13±0.02 0.13±0.02 0.13±0.02

A2 time (ms) 21.89±0.40 21.79±0.39 21.71±0.31 21.74±0.42 21.77±0.39 21.72±0.44 21.78±0.36 21.86±0.40

A2 length (mm) 0.39±0.06 0.37±0.05 0.38±0.06 0.37±0.06 0.38±0.07 0.36±0.06 0.38±0.06 0.39±0.04

A2 velocity (m/s) ‑0.28±0.04 ‑0.27±0.03 ‑0.25±0.03 ‑0.26±0.03 ‑0.26±0.03 ‑0.26±0.04 ‑0.27±0.03 ‑0.27±0.04

HC time (ms) 17.16±0.54 17.06±0.32 16.99±0.28 16.94±0.40 16.86±0.41 16.91±0.45 16.89±0.41 16.89±0.24

HC radius (mm) 7.84±1.06 8.20±0.82 8.02±1.21 7.86±0.92 7.89±0.90 8.13±1.01 7.80±1.04 8.16±0.92

PD (mm) 5.02±0.32 5.07±0.31 4.89±0.34 4.91±0.39 4.92±0.40 4.95±0.40 4.92±0.38 5.02±0.34
DA (mm) 1.05±0.11 1.02±0.11 0.98±0.10 1.00±0.13 1.00±0.11 1.00±0.13 1.01±0.11 1.02±0.11

Abbreviations: IOP=non‑corrected intraocular pressure; bIOP=biomechanically corrected intraocular pressure; CCT=central corneal thickness; A1 time=time of the 
first applanation; A1 length=length of the first applanation; A1 velocity=velocity of the first applanation; A2 time=time of the second applanation; A2 length=length of 
the second applanation; A2 velocity=velocity of the second applanation; HC time=time for reaching the highest concavity; HC radius=central curvature radius at the 
highest concavity; PD=distance of the two apexes of the cornea at the highest concavity; DA=maximum deformation amplitude of the cornea at the highest concavity
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In regard to the second applanation, the A2 time revealed a 
significant effect for the point of measure (F3,111 = 3.103, P = 0.030, 
η² = 0.074), but no differences were observed for the water 
intake (F1,37 = 0.01, P = 0.910) or the interaction (F3,111 = 1.572, 
P  =  0.200). Post hoc analyses between the different points 
of measure did not yield statistically significant results  (all 
with a corrected P > 0.05) [Fig. 3, panel c]. A2 length showed 
no significant effects for the point of measure  (F3,111  =  1.79, 
P  =  0.153), the water intake  (F1  37  =  0.39, P  =  0.535), and the 

interaction (F3,111 = 1.42, P = 0.241). Lastly, the analysis of A2 
velocity exhibited a statistically significant effect for the point 
of measure  (F3,111  =  5.746, P = 0.001, η² = 0.132), whereas no 
differences were found for either the water intake (F1,37 = 0.03, 
P = 0.872) or the interaction (F3,111 = 0.83, P = 0.481). Post hoc 
comparisons evidenced differences for the comparisons at 
baseline versus 15 and 30 min (corrected P = 0.008 and 0.044, 
and d = 0.55 and 0.43), as well as 15 versus 45 min (corrected 
P = 0.025, d = 0.48) [Fig. 3, panel d].

Figure 3: Scatterplot and boxplot of the effect of water intake on time of the first applanation (a), velocity of the first applanation (b), time of 
the second applanation (c), and velocity of the second applanation (d). * and # denote statistically significant differences in comparison to the 
measurements at baseline and 15 min, respectively (corrected P < 0.05). The whiskers represent the interquartile range, and the horizontal lines 
indicate the median value

dc

ba



April 2022	 Vera, et al.: Whole‑body hydration and corneal biomechanics	 1227

Additionally, we performed correlational analyses 
between the changes in IOP and changes in the different 
biomechanical parameters of the cornea, observing a strong 
positive association between IOP and A1 time, whereas a strong 
negative correlation between IOP and A2  time and PD and 
DA was observed. Moderate positive correlations were found 
between the changes in IOP and the changes in A1 length and 
A2 velocity. All correlations are displayed in Table 3.

Discussion
Our data demonstrated that the corneal biomechanical 
response is sensitive to whole‑body hydration status, with 
500  mL of water being sufficient to alter some corneal 
biomechanical parameters. In particular, DA, HC time, and 
PD, as well the time and velocity of the first and second 
applanations, were influenced by the ingestion of water. 
Moreover, our results revealed an acute intraocular pressure 
rise after water loading, which was found for both the 
non‑corrected IOP and bIOP values, with the change in IOP 
being meaningfully associated with changes in some corneal 
biomechanical indices, such as A1 time, A1 length, A2 time, 
A2 velocity, PD, and DA. Taken together, these findings may 
be of relevance for the diagnosis and management of ocular 
conditions, such as glaucoma or corneal ectasias, as clinical 
decisions are based on the biomechanical properties of the 
cornea.

The primary objective was to determine the effects of 
drinking 500 and 1000 mL of water on the different corneal 
biomechanical parameters given by the Corvis ST system. In this 
regard, animal studies have evidenced that the biomechanical 
properties of the cornea are sensitive to the manipulation of 
the levels of corneal hydration with invasive techniques.[13–15] In 
humans, there is only one study that has assessed the changes in 
corneal hysteresis, as measured by an ocular response analyzer, 
caused by the water‑loading test, observing no significant 
changes in this parameter.[22] However, the incorporation of the 
Corvis ST system allows for a more accurate visualization and 
evaluation of the corneal deformation process; therefore, it has 
opened up new possibilities in laboratory and clinical settings. 
Here, we found that some corneal biomechanical parameters 
are influenced by water ingestion. In particular, drinking 
either 500 or 1000  mL of water induced a reduction of the 
DA, HC time, and PD, suggesting that whole‑body hydration 
status influences the spatial and temporal profiles of corneal 
deformation. These results are in line with the study by Read 
and Collins,[7] who found that the hydration level modifies the 
axial length, and it may be of relevance due to the changes in 
hydration that occur throughout the day.

The IOP variations observed in the present study converge 
with previous investigations (~1–2 mm Hg),[7,23] and in agreement 
with most studies,[7,23,24] our results also yielded IOP increments 
that were maintained 45 min after water intake. However, this 
finding is contrary to the result obtained by Ulas et al.,[22] who 
found an IOP increase 10  min after water intake, returning 
to baseline levels after 20 min. Somewhat surprisingly, the 
increases in the IOP caused by the manipulation of whole‑body 
hydration status were roughly similar after drinking 500 or 
1000 mL of water. Similarly, the corneal biomechanics were 
sensitive to water intake regardless of the amount of water, 
suggesting that relatively small changes in the hydration status 

may have an impact on ocular physiology, specifically on IOP 
and some biomechanical properties of the cornea.

Our finding may be of special relevance in clinical and research 
settings due to the necessity of obtaining repeatable measures of 
ocular physiology for the diagnosis and management of different 
eye conditions. Delving into the study of how whole‑body 
hydration status alters different biomechanical properties of 
the cornea will help to develop clinical guidelines and protocols 
regarding what conditions affecting the biomechanical properties 
of the cornea should be examined by eye care professionals. 
For example, the level of hydration of the cornea determines 
the success of excimer laser ablation,[25,26] and importantly, the 
diagnosis and management of keratoconus are based on the 
biomechanical properties of the cornea (DA, HC time, PD, HC 
radius, and time, as well as the length and velocity of the first 
and second applanations).[27,28] Additionally, IOP and corneal 
biomechanics are associated with the onset and progression of 
glaucoma, with changes in these indices leading to adopting 
different interventional strategies.[17,29] Moreover, the level of 
corneal hydration is known to affect optical quality.[10] Therefore, 
eye care specialists should be aware that small variations in 
whole‑body hydration status can influence the diagnosis and 
follow‑up of different ocular conditions, as well as the success 
of laser refractive surgery, as corneal hydration status at the 
time of the intervention may affect the refractive correction and 
magnitude of myopic regression.[25,30]

Furthermore, we aimed to explore the association between 
IOP variations and corneal biomechanical changes that occur 
after drinking water. Our data showed that the change in 
A1 time was strongly and positively related to the IOP changes 
15, 30, and 45 min after water ingestion (Pearson r = 0.966–0.977), 
whereas the A2 time revealed a negative correlation (Pearson 
r = −0.664 to −0.769). The analysis of the DA and PD revealed 
that they were negatively associated with IOP  (Pearson r = 
−0.673 to −0.735 and −0.786 to −0.871, respectively). This result 
agrees with Kling and Marcos,[15] who reported that corneal 
deformation is highly sensitive to IOP variations by using 
in  vitro testing. For its part, changes in CCT were far from 
showing any association with IOP variations, corroborating the 
lack of correlation between CCT and IOP peak and fluctuation 
during the water drinking test shown in earlier studies with 
glaucoma patients.[31] Based on the present outcomes, the 
incorporation of corneal biomechanical parameters that control 
IOP is mandatory to minimize erroneous clinical decisions[32] 
as IOP is sensitive to multiple lifestyle habits, such as physical 
exercise,[33,34] caffeine consumption,[35] mental stress,[36] or 
wearing a tight necktie.[37]

The present study reveals that drinking water influences 
corneal biomechanics and IOP, with the changes in some 
biomechanical properties of the cornea being highly associated 
with the IOP changes. However, our investigation is not exempt 
from limitations. First, glaucoma patients have shown an 
inaccurate functioning of the autoregulatory mechanisms of 
ocular hemodynamics, showing greater IOP responsiveness 
to water loading.[8] Therefore, future studies should consider 
including glaucoma patients. Second, the corneal biomechanics 
are altered in individuals with corneal ectasias.[38] Thus, the 
impact of drinking water on the biomechanical properties of the 
cornea may vary in this clinical population. Lastly, we consider 
it interesting to assess the possible influence of manipulating 
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whole‑body hydration status on the diagnosis and management 
of ocular conditions that are based on corneal biomechanics.[28]

Conclusion
The ingestion of a relatively low amount of water (500 mL) alters 
different parameters of corneal biomechanics in young healthy 
adults. Our results indicate that the changes in the A1 time, 
A1 length, A2 time, A2 velocity, PD, and DA are significantly 
associated with IOP fluctuations 15, 30, and 45 min after water 
intake. Taken together, the current findings highlight the 
importance of considering corneal biomechanical indices that 
are independent of IOP as small IOP variations may provoke 
erroneous clinical decisions for the diagnosis and management 
of different ocular conditions.
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