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Purpose: We investigated whether or not intrasession or intersession fluctuations in intrao-
cular pressure occur in healthy people using a noncontact tonometer.
Materials and Methods: A noncontact tonometer was used to measure intraocular pressure 
in the bilateral eyes of healthy subjects for 5 consecutive days. Paired t-tests and one- and 
two-way repeated-measures analyses of variance were performed for the acquired data. 
A p-value <0.05 was considered to indicate statistical significance.
Results: Eighty eyes of 40 healthy subjects were enrolled in the study. On day 1, intraocular 
pressure was significantly higher in the right eye than in the left eye (P = 0.014). The one- 
way repeated-measures analysis of variance revealed that intraocular pressure in the left eye 
was significantly lower on day 1 than on days 2 to 5 (P = 0.000–0.018); however, there were 
no significant differences among intraocular pressures measured on days 1 to 5 in the right 
eye. The two-way repeated-measures analysis of variance revealed no significant difference 
in intraocular pressure between the right and left eyes (P = 0.913).
Conclusion: Although measurements using the noncontact tonometer were relatively stable, 
intraocular pressure was high on day 1.
Keywords: intraocular pressure, noncontact tonometer, normal subject, repeated 
measurement, intrasession variability

Introduction
Glaucoma is a progressive disease in which optic nerve neuropathy associated with 
the loss of retinal ganglion cells and their axons causes corresponding visual 
impairment. The greatest risk factor for its onset and progression is high intraocular 
pressure (IOP).1 Therefore, accurate IOP measurement is essential for the diagnosis 
and treatment of glaucoma. The Goldmann applanation tonometer (GAT), devel-
oped by Goldmann and Schmidt,2 is considered as the best device for evaluating 
IOP. However, IOP measurements by GAT tend to fluctuate because of several 
artifacts generated by patient behaviors, such as squeezing of the eyelids, and by 
examiners, depending on their expertise in measuring IOP.3–6

A recent study involving healthy volunteers revealed that IOP measured in the 
first eye, whether the right or left, was higher than that measured subsequently in 
the other eye.7 In another study involving the eyes of patients with primary open- 
angle glaucoma, IOP measured by GAT decreased with successive measurements, 
independent of laterality, as in healthy volunteers.8 In these studies, measurements 
were obtained in one session. In another report, short- and long-term fluctuations in 
IOP were observed. Pekmezci et al7 also reported a mean 0.8-mmHg decrease in 
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IOP between the first and second visits within 2 weeks. 
A downward trend in IOP from 1.6 to 1.7 mmHg, as 
measured by GAT, was observed over 60 months in 
patients with ocular hypertension.9 It is not known exactly 
why these IOP fluctuations occur.

In general, the noncontact tonometer (NCT) is used as 
a screening device with GAT.10,11 It has the advantage of 
measuring IOP automatically, regardless of the operator’s 
skills; therefore, it can be used to measure IOP even by 
people who are not ophthalmologists.10,12 Thus, IOP mea-
surements by NCT may reduce the fluctuations observed 
in IOP measurements by GAT.

In this study, to investigate whether or not intrasession 
or intersession fluctuations in IOP, as measured by GAT, 
occur with NCT, tonometry of the bilateral eyes of healthy 
subjects was performed for 5 consecutive days.

Materials and Methods
In this study, subjects with no major ocular disease were 
recruited from among students of the Niigata University of 
Health and Welfare. The study protocol was approved by 
the Ethics Committee of the Niigata University of Health 
and Welfare (18,403–200,318). The study adhered to the 
tenets of the Declaration of Helsinki. All participants 
provided written informed consent after the purpose and 
contents of this research were explained to them.

All subjects in this study had undergone refraction mea-
surements, corneal curvature measurements, visual acuity 
tests, axial length measurements, central corneal thickness 
measurements, visual field tests, fundus, biomicroscopic and 
gonioscopic examinations within 3 months before the study. 
We excluded subjects with corneal diseases (eg, corneal 
scarring, edema, epithelial defect, or grafts), corneal astig-
matism greater than 3D, abnormal visual field test results 
(pattern standard deviation outside of the normal 95% con-
fidence limits or Glaucoma Hemifield Test result outside of 
normal limits) using the SITA standard 24–2 testing protocol 
with a Humphrey field analyzer 750 (Carl Zeiss–Humphrey 
Systems, Dublin, CA, USA), or a narrow angle observed on 
gonioscopy.

IOP was measured with NCT (CT-1; Topcon 
Corporation, Tokyo, Japan) in the fully automatic mode 
between 1200 and 1300 to reduce the effects on the diurnal 
variations of IOP for 5 consecutive days (March 25 to 29, 
2019). One examiner (F.M.) who was proficient with NCT 
made IOP measurements. None of the subjects who had 
participated in this study had any experience in IOP mea-
surements with NCT. IOP was measured first in the right 

eye in all cases and then in the left eye in the usual way. 
IOP was measured at least thrice until the measurement 
error was within 3 mmHg, and the average value of the 
three IOP measurements on each day was used for the 
analysis. For IOP measurements, subjects were instructed 
to open their eyelids; if necessary, the examiner manually 
manipulated the eyelids.

Paired t-tests were used to compare the characteristics 
of the right eyes with those of the left. The one-way 
repeated-measures analysis of variance (ANOVA) was 
used to test for differences in IOP among the three mea-
surements. The average values of coefficients of variation 
(CVs) and intraclass correlation coefficients (ICCs) were 
used to test the intrasession variabilities of IOP. The one- 
way repeated-measures ANOVA was also used to test for 
differences in IOP between the successive measurements 
(days 1 to 5). The two-way repeated-measures ANOVA 
was used to examine the difference between the right and 
left eyes in IOPs obtained by continuous measurements 
(days 1 to 5). Statistical analyses were performed with 
MedCalc version 19.1.3 (MedCalc Software Bvba, 
Mariakerke, Belgium). A P-value < 0.05 was considered 
to indicate statistical significance.

Results
Eighty eyes of 40 healthy subjects (37 women and three 
men) were examined in the study. The mean age of the 
study participants was 21.5 years (standard deviation, 0.5 
years; range, 21 to 24 years). Other patient characteristics 
and comparisons of the right and left eyes are listed in 
Table 1. We calculated the average values of the three 
measurements of refractions, cylinders, axial lengths, 
radii of corneal curvature, and central corneal thicknesses. 
The mean refraction was significantly more myopic in the 
right eyes than in the left eyes (P = 0.044). The mean IOP 
on day 1 was significantly higher in the right eyes than in 
the left eyes (P = 0.014); however, there were no signifi-
cant differences in IOP measurements on the other days 
between the right and left eyes.

The one-way repeated-measures ANOVA for differ-
ences in IOP between the three measurements revealed 
no significant differences. The average CVs for the intra-
session variabilities of IOP ranged from 0.043 to 0.058 
(Table 2). The average ICCs for the intrasession variabil-
ities of IOP ranged from 0.913 to 0.966 (Table 2).

The one-way repeated-measures ANOVA for differ-
ences in IOP between the successive measurements (days 
1 to 5) revealed that the mean IOP in the left eyes was 
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significantly lower on day 1 than on days 2–5 (P = 0.018 
for day 2, P = 0.000 for day 3, and P = 0.001 for days 4 
and 5; Figure 1); however, there were no significant differ-
ences between IOPs in the right eyes on days 1–5 (Figure 
2). The two-way repeated-measures ANOVA revealed no 
significant difference in the IOPs between the right and left 
eyes (P = 0.913).

Discussion
To the best of our knowledge, this is the first study to 
simultaneously evaluate intrasession and intersession fluc-
tuations in IOP using NCT for healthy eyes. In this study, 
IOPs were significantly higher in the right eyes than in the 
left eyes on day 1, consistent with previous studies show-
ing that IOP decreased from the first measurement to 
the second.7,8 Because IOP was measured in the right 

eye first in all cases, it was not possible to prove whether 
the difference between the right- and left-eye IOPs on day 
1 was true or artifactual. There was no significant differ-
ence between the right and left eyes in ocular parameters, 
except for refraction, which was significantly more myopic 
in the right eyes than in the left eyes. No studies have 
proven that it affects IOP fluctuations in the myopic or 
non-myopic eyes. In addition, there were no significant 
differences among right- and left-eye IOPs on the other 
days, even in the two-way repeated-measures ANOVA. 
These results may suggest that artifactual factors affected 
the results.

With continuous tonometry, the downward trend of 
IOP observed on continuous tonometry is not well- 
understood. Gaton et al13 reported that repeated applana-
tion tonometry showed a significant decrease in IOP in 
relation to the first measurement in the glaucomatous 
eyes but not in the control eyes. They suggested that 
mechanical pressure on the cornea during each repeated 
applanation produced the difference in these eyes with 
open-angle glaucoma. Mechanical pressure causes more 
distortions and greater widening of the anterior chamber 
angle, resulting in additional drainage of aqueous fluid 
and, consequently, a further decline in IOP. However, 
IOP is reduced with repeated measurements in healthy 
eyes;7 in this study, in view of the extremely short 
applanation time with NCT, mechanical pressure was 
unlikely to have produced the decrease in IOP.

One cause of decreased IOP during repeated measure-
ments is the state of tears. In the measurement of IOP by 
GAT, it can be underestimated if the tear meniscus is 

Table 1 Comparison of the Right and Left Eyes

Characteristics Right Eye Left Eye p-value*

Refraction (D) −3.40 ± 2.48 (−8.00 to 0.00) −3.13 ± 2.49 (−8.00 to +2.00) 0.044
Cylinder (D) −0.46 ± 0.40 (−1.50 to 1.50) −0.55 ± 0.48 (−1.75 to 1.75) 0.095

Axial length (mm) 24.82 ± 1.61 (22.95 to 28.30) 24.79 ± 1.14 (22.60 to 26.91) 0.747

Radius of corneal curvature (mm) 7.78 ± 0.22 (7.30 to 8.16) 7.78 ± 0.22 (7.31 to 8.17) 0.900
Central corneal thickness (μm) 533.5 ± 42.0 (459.0 to 633.0) 534.1 ± 42.9 (463.0 to 633.0) 0.790

Intraocular pressure (mmHg)

Day 1 16.6 ± 2.3 (11.0 to 22.0) 16.2 ± 2.1 (10.3 to 21.0) 0.014
Day 2 16.9 ± 2.5 (11.3 to 22.7) 16.7 ± 2.4 (10.3 to 21.7) 0.201

Day 3 16.9 ± 2.9 (12.7 to 25.0) 17.2 ± 2.8 (13.0 to 23.0) 0.139

Day 4 16.9 ± 2.7 (12.3 to 23.0) 16.9 ± 2.7 (12.0 to 22.3) 0.829
Day 5 17.0 ± 2.7 (12.3 to 22.7) 16.9 ± 2.8 (11.0 to 23.0) 0.877

Notes: Data are expressed as mean ± standard deviation (ranges in parentheses). *Paired t-test. 
Abbreviation: D, diopter.

Table 2 Intrasession Variability of Intraocular Pressure (mmHg) 
Measured at Least Thrice with a Noncontact Tonometer

CV ICC (95% CI)

Day 1 in the right eyes 0.056 0.927 (0.876–0.959)

Day 1 in the left eyes 0.045 0.951 (0.918–0.973)
Day 2 in the right eyes 0.047 0.960 (0.932–0.977)

Day 2 in the left eyes 0.044 0.961 (0.934–0.978)

Day 3 in the right eyes 0.049 0.962 (0.935–0.978)
Day 3 in the left eyes 0.058 0.913 (0.854–0.951)

Day 4 in the right eyes 0.048 0.956 (0.926–0.975)

Day 4 in the left eyes 0.051 0.955 (0.924–0.975)
Day 5 in the right eyes 0.043 0.965 (0.941–0.980)

Day 5 in the left eyes 0.046 0.966 (0.942–0.981)

Abbreviations: CV, coefficient of variation; ICC, intraclass correlation coefficient; 
CI, confidence interval.
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small.14,15 IOP also drops because of evaporation of tears in 
continuous tonometry.16 In this study, the difference between 
the right and left eyes on day 1 was considered to not be 
related to the state of the tear meniscus because the tear 
meniscus did not affect IOP values as measured by NCT. In 
the measurements by NCT, the only examiner-related factor 
that might have influenced the IOP value seems to be eyelid 
elevation in subjects. In this study, IOP measurements using 
NCT were performed by a single examiner who was familiar 
with the operation of NCT. Therefore, the examiner’s influ-
ence on the difference between the right- and left-eye IOPs 
on day 1 is considered small; however, it may have been 

slightly affected by the use of the dominant hand and unfa-
miliarity with the test on day 1. Further studies may be 
required on the interobserver differences.

Pekmezci et al7 suggested that a plausible explanation 
why earlier IOPs were artifactually higher than those mea-
sured later was patients’ lack of familiarity with tonometry 
and anxiety during the early measurements. Another study 
yielded similar findings: IOP was 2 mmHg lower in 
patients who underwent sham tonometry before real tono-
metry than in patients who did not, which suggests that 
familiarity with applanation tonometry may result in 
a lower value of IOP measured.17 Participants in this 
study were unfamiliar with NCT, and the difference 
between the right- and left-eye IOPs on day 1 was attrib-
uted to their apprehension and anxiety about the test 
before the IOP measurements of the right eyes. It is 
considered that the participants became accustomed to 
the test through repeated IOP measurements, and the dif-
ference in IOP between the left and right eyes disappeared 
after 2 days.

In this study, the finding that IOP in the left eye was 
lower only on day 1 than on the other days and did not 
differ on the other days suggests that measurements by 
NCT were relatively stable. Bhorade et al9 reported that 
a downward trend in IOP measurement, as measured by 
GAT, was observed over 60 months in patients with ocular 
hypertension. Pekmezci et al7 also reported a 0.8-mmHg 
mean decrease in IOPs between the first and second visits 
within 2 weeks. In our study, although IOP measurement 
devices and subjects differed from those of the aforemen-
tioned studies, at least short-term tonometry was stable. 
The results of this study indicate that IOP measurements 
by NCT had lesser artifactual effects than those by GAT.

Although GAT is the gold standard method for IOP 
measurements, measurements of IOP by NCT may also be 
useful for determining baseline IOP when glaucoma treat-
ment is initiated because of measurement stability. In this 
study, however, IOP was lower in the left eye than in the 
right eye on day 1, and IOP in the left eye was lower 
on day 1 than on all other examination days. Therefore, for 
determining baseline IOP using NCT, it was considered 
necessary to measure IOP multiple times or reexamine 
them in the near future.

Pekmezci et al7 reported that IOP of an eye measured 
by GAT was higher than the IOP of the other eye succes-
sively measured by GAT. In our study, the right-eye IOP 
was not higher on day 1 than on other days. The reason for 
this discrepancy is unclear. In this study, all subjects were 

Figure 1 Intraocular pressure (IOP) in the left eye, measured for 5 consecutive 
days with a noncontact tonometer. In the one-way repeated-measures analysis of 
variance, IOP was significantly lower on day 1 than on days 2 to 5 in the left eyes. 
*P < 0.05, **P < 0.01, ***P < 0.001.

Figure 2 Intraocular pressure (IOP) in the right eye, measured for 5 consecutive 
days with a noncontact tonometer. In the one-way repeated-measures analysis of 
variance, there were no significant differences among IOP values measured on days 
1 to 5 in the right eyes.
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unfamiliar with IOP measurements as measured by NCT 
on day 1, and subsequently, after tonometry in the right 
eye, their anxiety increased. Read et al18 reported that IOP 
decreases with accommodation because of mechanical 
changes in ciliary muscle contraction; therefore, the left- 
eye IOP was lower than the right-eye IOP on day 1 
because accommodation had already occurred in the left 
eye. In the future, studies should focus on whether or not 
IOP changes are in accordance with the familiarity of the 
subject with the IOP measurement.

There were several limitations to this study. First, in 
IOP measurements by NCT, the measurement time was 
reported to be 1 to 3 ms, which is only 1/500 of the cardiac 
cycle, and thus, the IOP value is affected by the ocular 
pulse.11 This ocular pulse wave is thought to be a major 
cause of IOP fluctuations, amounting to approximately 1 
to 3 mmHg.19 Therefore, in this study, IOP measurements 
were performed at least thrice until the measurement error 
was within 3 mmHg, and the average value of the three 
IOP measurements was used for the analysis. Additionally, 
the CVs were relatively low (0.043 to 0.058), and ICCs 
were relatively high (0.913 to 0.966) for the intrasession 
variabilities of IOP. Therefore, the measurement error of 
IOP accompanying the ocular pulse or other factors on the 
intrasession variabilities may have affected the results. 
Second, it has been reported that IOP measured by NCT 
has a weaker correlation with that measured by GAT in 
higher pressure ranges compared to lower pressure 
ranges.20 Because the subjects in this study did not have 
any major ocular disease, only a few of them had high 
IOP. However, it is possible that measurement errors could 
have occurred with NCT. Third, because all subjects in this 
study were university students, it is possible that there was 
selection bias; particularly, subjects included in this study 
were in their early 20s, with a high percentage of women, 
and all were Japanese. Unlike the eyes of individuals of 
other races, those of East Asian individuals have a small 
palpebral fissure height, so the measurement of IOP often 
necessitates manual manipulation of the eyelids.21,22 

Manual manipulation of the eyelids was necessary in 
many subjects in this study. Since the IOP measured by 
NCT is automatic, readings are largely operator- 
independent.22 However, when manual manipulation of 
the eyelids is necessary for measuring IOP, the dominant 
hand and skill of the operator may influence the IOP value. 
Fourth, in Japan, orthoptists are not allowed to measure 
IOP using GAT. In the future, it is necessary to consider 
a study design that can evaluate the fluctuation of IOP 

using GAT when measuring IOP by NCT. Fifth, IOP 
measurement by NCT was performed under conditions 
that should generally be performed in the glaucoma treat-
ment in the present study. Therefore, IOP was measured at 
least thrice until the measurement error was within 3 mm 
Hg, and the average value of the three IOP measurements 
on each day was used for the analysis. The evaluation of 
fluctuations within the same IOP measurement may be 
limited. In the future, it is necessary to evaluate intrases-
sion IOP fluctuations.

Conclusion
In this study, we investigated whether or not intrasession 
or intersession fluctuations in IOP occur in healthy volun-
teers through the use of NCT in the right and left eyes of 
healthy subjects for 5 consecutive days. In the intrasession 
analysis, IOP on day 1 was significantly higher in the right 
eye than in the left eye. In the intersession analysis, left- 
eye IOP was lower on day 1 than on the other days and did 
not differ among the other days. Although measurements 
by NCT were relatively stable, IOP was higher in the right 
eye on day 1 than on the other days, and some artifactual 
factors may have affected the measurement results. In the 
evaluation of baseline IOP measured by NCT, it was 
considered necessary to perform multiple IOP measure-
ments and reexamination in the near future.
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