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Purpose: Intraocular pressure (IOP) measured using a noncontact tonometer is evaluated by 
performing multiple measurements because IOP is affected by the ocular pulse. We inves
tigated the relationship between value fluctuations in multiple measurements during non
contact tonometer measurements and cardiac rate.
Materials and Methods: Forty-two healthy subjects were included and IOP was measured 
using a noncontact tonometer. The measurement was performed three times each for the right 
eye and the left eye, for a total of six times. Blood pressure and cardiac rate were measured at 
the same time as the IOP measurement. Using repeated-measures analysis of variance, we 
examined whether the measured IOP and cardiac rate fluctuate throughout the day over the 
course of 4 days.
Results: There was a fluctuation in the IOP in a sequence only on day 1 of the four 
measurement days (P < 0.001). The IOP on day 1 tended to be high for the first 
and second measurements (P = 0.0111–0.0015). Systolic blood pressure and diastolic 
blood pressure did not fluctuate over the 4 days (P = 0.6247 and 0.7132), but cardiac rate 
was high only on day 1 (P = 0.0276).
Conclusion: The IOP on day 1 tended to be high in the first and second measurements. The 
IOP measured on days 2–4 did not fluctuate during the sequence of measurements. The 
cardiac rate measured at the same time as the IOP was high only on the first day.
Keywords: intraocular pressure, noncontact tonometer, blood pressure, cardiac rate, 
repeated measurement

Introduction
Glaucoma is damage to the optic nerve and visual field, and this damage is 
essentially progressive and irreversible.1 The most important risk factor for the 
development and progression of glaucoma is high intraocular pressure (IOP). 
Evidence-based treatment for glaucoma is to lower the IOP;2 therefore, accurately 
measuring IOP is critical. The gold standard for IOP measurement is the Goldmann 
applanation tonometer (GAT),3 which is regarded as the most accurate method of 
measuring IOP. The simplest and most used tonometer is the noncontact tonometer 
(NCT), which has the advantages of noncontact with the eye and easy measure
ment, whereas its limitation is that ocular pulse can influence its results due to the 
short measurement time.4–6

The IOP measured by either GAT or NCT reportedly fluctuates depending on the 
order of measurement and the number of measurements in the right and left eyes, so 
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it is necessary to take this into account to measure IOP 
accurately. Yaoeda et al7 reported that when IOP was 
continuously measured using GAT on the same day for 
primary open-angle glaucoma, the IOP decreased with the 
number of measurements. Bhorade et al8 regularly mea
sured IOP with GAT for 60 months to study ocular hyper
tension and found out that the IOP gradually decreased 
over the course of the study. Pekmezci et al9 reported that 
the IOP measured in the first eye was higher than that 
measured in the other eye regardless of which eye was 
measured first. Conversely, according to Maeda et al,10 the 
IOP measured using NCT on day 1 was lower than that 
measured on days 2–5. The reason for this observation was 
that the measurement was repeated until the results of 
three measurements within 3 mmHg of each other were 
obtained. Maeda et al reported that it is possible that the 
high IOP generated by anxiety and tension during the first 
measurement is not replicated at subsequent measurements 
and becomes lower as the measurement is repeated.

It has been reported that stress increases IOP in 
humans.11 Although the exact reason for this remains 
unclear, one possible explanation is sympathetic hyperac
tivity. In addition, meta-analyses have reported a trend 
toward higher IOP with higher blood pressure.12 Given 
the effect of ocular pulse, NCT measurements are recom
mended to be repeated until a value within 3 mmHg can be 
measured three times. However, Maeda et al10 suggested 
that the measured values may be underestimated because 
of repeated measurements.

In this study, we examined changes in IOP during sequen
tial IOP measurements by NCT over the course of a day. In 
addition, by measuring blood pressure and cardiac rate at the 
same time as IOP was measured, the effect of the autonomic 
nervous system of the subjects on IOP was examined.

Materials and Methods
Subjects
The subjects included 42 university student volunteers that 
had no eye diseases or blood pressure abnormalities. In 
this study, the 84 eyes of these 42 healthy subjects (34 
women and 8 men) were analyzed. The mean age of the 
study participants was 21.4 years (standard deviation, 0.3 
years; range, 22.3–20.8 years).

Methods
This study was conducted over 4 days from February 15 to 
February 18, 2021. IOP was measured with NCT (CT-1; 

Topcon Corporation, Tokyo, Japan) in the fully automatic 
mode. On each day, the ocular axis, anterior chamber depth, 
lens, central corneal thickness, and corneal radius were mea
sured using an optical coherence biometer (OA-2000; Tomey 
Corporation, Aichi, Japan) before IOP measurement. 
Following IOP measurement, refraction was measured with 
an auto ref-keratometer (ARK-1; Nidek Corporation, Aichi, 
Japan). Systolic blood pressure (SBP), diastolic blood pres
sure (DBP), and cardiac rate were measured with 
a sphygmomanometer (UA-772K; A&D Medical, Tokyo, 
Japan). Blood pressure measurements were taken at the 
same time as the first IOP measurement on each day. The 
experimental design is shown in Figure 1. All measurements 
such as NCT were done between 11:00 and 12:00 each day 
for four consecutive days to reduce the effects of diurnal 
variations on IOP.13,14 In addition, the subjects did not exer
cise or smoke, which affect IOP and blood pressure, before 
the measurements were taken.

Intraocular Pressure Measurement
IOP was measured three times in the right eye and three times 
in the left eye on each day. One ejection of air was regarded 
as one IOP measurement. The IOP measurement was started 

Figure 1 Flowchart of the experimental design. The same measurement was 
repeated for 4 days. The noncontact tonometer measurement order of the right 
and left eyes was changed depending on the day. For example, in group A, on day 1, 
the first measurement was of the right eye, and then the left eye was measured. 
After that, the right and left eyes were examined alternately. On day 2, the first 
measurement was on the left eye. Then, the right and left eyes were measured 
alternately. In group B, the measuring order for the right and left eyes was opposite 
to that in Group A. 
Abbreviations: RE, right eye; LE, left eye; Gr. A, group A; Gr. B, group B; NCT, 
noncontact tonometer.
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in full auto mode by a certified orthoptist when the subjects 
were positioned with their head on a chin rest and the setting 
was completed. The IOP measurement was taken when the 
subject was in a seated position, and the subject did not take 
their head off the chin rest until a total of six IOP measure
ments were completed, which were taken alternately for the 
right and left eyes. The IOP of the first measured eye is 
typically high,9 so the subjects were randomly divided into 
Groups A and B to avoid this effect. Based on the results of 
t-tests, no significant difference in subject characteristics was 
observed between the groups, and there were no factors that 
affected the results for these groups. For Group A, on day 1, 
the first measurement was of the right eye, and then the left 
eye was measured. After that, the right and left eyes were 
examined alternately. In contrast, for Group B, on day 1, the 
first measurement was on the left eye, and then the right eye 
was measured. After that, the left and right eyes were exam
ined alternately. On day 2, in both groups, the first measure
ment was recorded from the eye opposite to the eye measured 
on the previous day. Then, the right and left eyes were 
measured alternately. On days 3 and 4, the right and left 
eyes were measured in a different order from the 
previous day.

Statistical Analysis
To compare characteristics between the successive mea
surements (days 1–4), one-way repeated-measures analysis 
of variance (ANOVA) was used. A paired t-test was used 
to compare the IOP between the left and right eyes. 
Repeated-measures ANOVA and Bonferroni correction 

for multiple comparisons were used to compare the six 
IOP measurements (three for right and three for left) taken 
on each day. 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. All values are presented 
as average [confidence interval (CI)] unless otherwise 
stated.

Ethics Approval and Consent to 
Participate
This study was conducted under the approval of the 
Niigata University of Health and Welfare committee 
(18530-201106). The experiment was conducted in accor
dance with the Declaration of Helsinki, and written 
informed consent was obtained from all subjects.

Results
There were no dropouts in this study, and all subjects com
pleted the experiment according to the stated methods. 
Subject characteristics and comparisons of successive mea
surements (days 1–4) are shown in Table 1. There were no 
significant differences in ocular axis, anterior chamber depth, 
lens, central corneal thickness, corneal radius, or refraction 
from day 1 to 4. There was also no significant difference in 
the mean values of IOP measured three times in each eye 
from day 1 to 4. The results of comparing the mean IOP 
measured three times for each eye are shown in Table 2. 
There was no significant difference in IOP between the right 
and left eyes on any of the days from day 1 to 4. Therefore, 

Table 1 Subject Characteristics

Day 1 Day 2 Day 3 Day 4 p-value

Right eye

Ocular axis (mm) 24.7 [24.3 to 25.1] 24.7 [24.3 to 25.1] 24.7 [24.3 to 25.1] 24.7 [24.3 to 25.1] 0.3788

Anterior chamber depth (mm) 3.75 [3.66 to 3.84] 3.75 [3.66 to 3.83] 3.76 [3.66 to 3.85] 3.75 [3.66 to 3.85] 0.4590

Lens thickness (mm) 3.57 [3.51 to 3.63] 3.59 [3.53 to 3.65] 3.58 [3.52 to 3.65] 3.58 [3.50 to 3.63] 0.4391

Central corneal thickness (µm) 528.1 [518.7 to 537.5] 530.2 [521.1 to 539.3] 527.9 [518.8 to 537.0] 523.7 [512.2 to 535.3] 0.2353

Corneal radius (mm) 7.81 [7.74 to 7.88] 7.81 [7.75 to 7.88] 7.81 [7.75 to 7.88] 7.81 [7.75 to 7.88] 0.1116

Spherical equivalent (D) −2.59 [−1.86 to −3.31] −2.54 [−1.79 to −3.28] −2.62 [−1.89 to −3.35] −2.60 [−1.86 to −3.33] 0.5004

Intraocular pressure (mmHg) 16.4 [15.6 to 17.2] 16.3 [15.6 to 17.0] 16.3 [15.5 to 17.0] 16.3 [15.6 to 17.0] 0.7334

Left eye

Ocular axis (mm) 24.6 [24.2 to 25.1] 24.6 [24.2 to 25.1] 24.6 [24.2 to 25.1] 24.6 [24.2 to 25.1] 0.4925

Anterior chamber depth (mm) 3.75 [3.66 to 3.84] 3.75 [3.66 to 3.84] 3.77 [3.68 to 3.86] 3.76 [3.67 to 3.85] 0.4452

Lens thickness (mm) 3.58 [3.52 to 3.64] 3.59 [3.52 to 3.65] 3.62 [3.54 to 3.70] 3.60 [3.54 to 3.67] 0.4391

Central corneal thickness (µm) 530.0 [520.8 to 539.2] 528.9 [519.4 to 538.4] 531.3 [522.4 to 540.2] 531.3 [522.4 to 540.2] 0.1642

Corneal radius (mm) 7.82 [7.75 to 7.89] 7.82 [7.75 to 7.89] 7.82 [7.75 to 7.89] 7.81 [7.74 to 7.88] 0.4965

Spherical equivalent (D) −2.54 [−1.76 to −3.31] −2.54 [−1.77 to −3.30] −2.62 [−1.89 to −3.35] −2.56 [−1.78 to −3.34] 0.3745

Intraocular pressure (mmHg) 16.7 [15.9 to 17.6] 16.4 [15.7 to 17.1] 16.2 [15.5 to 16.9] 16.2 [15.4 to 16.9] 0.0628
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IOP was subsequently combined without distinguishing 
whether the measurement came from the right or left eye in 
later analyses. The results of the six IOP measurements on 
each day in the order of measurement are shown in Figure 2. 
IOP on day 1 showed a tendency to decrease with the number 

of measurements (repeated-measures ANOVA, P < 0.0001). 
Figure 3 shows SBP, DBP, and cardiac rate measured using 
a sphygmomanometer. There was no significant difference in 
blood pressure from day 1 to 4 for either SBP (repeated- 
measures ANOVA, P = 0.707) or DBP (repeated-measures 
ANOVA, P = 0.640), whereas the cardiac rate tended to be 
higher on day 1 (repeated-measures ANOVA, P = 0.007).

Discussion
In this study, IOP was measured using NCT over four 
consecutive days. This is the first study to investigate the 
intrasession and intersession variability in IOP measured 
by NCT. The results showed that there was a difference in 

Table 2 Comparison of the Right and Left Eye Intraocular 
Pressures (mmHg)

Right Eye Left Eye p-value

Day 1 16.4 [15.6 to 17.2] 16.7 [15.9 to 17.6] 0.0681

Day 2 16.3 [15.6 to 17.0] 16.4 [15.7 to 17.1] 0.2276

Day 3 16.3 [15.5 to 17.0] 16.2 [15.5 to 16.9] 0.7097
Day 4 16.3 [15.6 to 17.0] 16.2 [15.4 to 16.9] 0.2610

Figure 2 Intraocular pressure on each day arranged in measurement order. The results of six intraocular pressure (IOP) consecutive measurements each day are shown in 
measurement order. Each plot shows the IOP value obtained in one air ejection. Error bars show the standard deviation. The numbers on the X-axis indicate the 
measurement order as a result of the IOP measured six times each day. In the one-way repeated-measurement analysis, there was a significant difference in the IOP 
measured among the six measurements recorded on day 1, and there was no significant difference in those recorded on days 2−4. In the one-way repeated-measures analysis 
of variance with Bonferroni correction, the IOP measured for the first time on day 1 was significantly higher than that during the third and sixth measurements. The IOP 
measured the second time on day 1 was significantly higher than the IOP measured the sixth time. *P < 0.05, **P < 0.01.

Figure 3 Cardiac rate and blood pressure on each day. Cardiac rate and blood pressure were measured with a sphygmomanometer. Error bars show the standard deviation. 
(A) In the one-way repeated-measures analysis of variance, the cardiac rate was significantly different over the 4 days. As a result of multiple comparisons with a Bonferroni 
correction, the cardiac rate on day 1 was higher than that on day 2. (B) The black squares indicate systolic blood pressure, and the white squares indicate diastolic blood 
pressure. In the one-way repeated-measures analysis of variance, systolic and diastolic blood pressures were not significantly different over the 4 days. *P < 0.05.
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sequentially measured IOP on day 1, with a tendency 
toward decreased IOP as the number of measurements 
increased. In addition, blood pressure and cardiac rate 
were measured at the same time as IOP, and the results 
also showed that the cardiac rate was high on day 1.

IOP reportedly decreases with repeated measurements, 
whether during the same day or on different days.7–9 

However, these studies were conducted using GAT, whereas 
there are few reports on repeated measurements of NCT. This 
is unsurprising, with GAT being the gold standard for IOP 
measurement.3 The reason the gradual decrease in IOP with 
repeated measurements in GAT is thought to be an effect of 
an expansion of the anterior chamber angle due to corneal 
indentation and the accompanying acceleration of aqueous 
humor drainage. The corneal applanation time of NCT is 1–3 
msec, with only a small mechanical applanation. Maeda et 
al10 reported that the IOP on day 1 of five consecutive days of 
measurements using NCT was low. That study reported that 
the reason for this could be a gradual decrease in IOP due to 
the multiple measurements taken to obtain three IOP results 
within 3 mmHg. With the effect of ocular pulse, it is advi
sable to take NCT measurements until the results within 3 
mmHg are repeated three times. In our study, we measured 
IOP sequentially six times (three for the right eye and three 
for the left eye), and IOP measurements were taken every day 
for 4 days. As a result, only on day 1, the IOP measured at the 
beginning of the sequence of measurements tended to be 
high. Therefore, our results support the theory reported by 
Maeda et al10 that repeated measurements of IOP within 
a single sequence result in progressively lower IOP. With 
the NCT applanation time of 1–3 msec, mechanical applana
tion is unlikely. As such, it is conceivable that there are 
factors other than invasive effects on IOP.

In this study, we measured blood pressure and cardiac rate 
at the same time as IOP in anticipation of the possibility of 
psychological influences such as anxiety and nervousness of 
the subjects on the first IOP measurement. For blood pressure, 
there was no difference in either SBP or DBP between days 1– 
4. The pooled average increase in IOP associated with a 10- 
mmHg increase in SBP was 0.26 mmHg (95% CI 0.23 to 
0.28), and the average increase associated with a 5-mmHg 
increase in DBP was 0.17 mmHg (95% CI 0.11 to 0.23).12 

Blood pressure did not affect IOP in this study, as we did not 
observe a change in blood pressure during days 1–4. In con
trast, the cardiac rate was higher only on day 1. It is conceivable 
that this higher cardiac rate was due to the nervousness of the 
subjects during the first measurements. It is unclear whether 

a higher cardiac rate is directly responsible for higher IOP.6 

However, there was reportedly a positive correlation between 
stress scores and IOP in women measured with NCT.11 

Although the exact reason for this remains unclear, one possi
ble explanation is sympathetic hyperactivity. Additionally, it is 
conceivable that having air blown into the subject’s eyes with 
the machine close to the eye at the time of IOP measurement 
led to higher IOP values. Kataoka et al15 reported that stress 
enhances sympathetic nerves and increases the cardiac rate. 
On day 1, the subjects were not accustomed to having their IOP 
measured, which may result in high IOP values. Moses and 
Liu16 reported that subjects become acclimated to IOP mea
surements. It is conceivable that subjects gradually become 
accustomed to the stress of having air blown into their eyes. In 
this context, the stress of having air blown into the eyes was 
expectedly lessened for days 2–4, with less fluctuation in IOP 
during the day.

NCT is reportedly as reliable as GAT in subjects with 
normal IOP.17 However, the results of this study suggest that 
IOP measured using NCT might be inaccurate until the patient 
becomes accustomed to the measurement and anxiety is 
reduced. The first day’s inaccurate IOP is common whether 
the measurements are taken in the way recommended by the 
NCT, which is to repeat the measurements until three IOP 
values within 3 mmHg are measured,10 or whether only six 
measurements are taken in a single sequence. In IOP evalua
tions, it is therefore preferable to utilize the results after 
the second visit rather than those taken at the first visit. IOP 
measured using NCT may be useful in determining the base
line for glaucoma treatment. In total, care should be taken 
when referring to the IOP at the time of the initial examination. 
Similar studies should be conducted using other tonometers.

This study has a few limitations. First, the results might 
have been influenced by ocular pulse and diurnal IOP fluctua
tions. NCT results reportedly vary by 1–3 mmHg due to the 
influence of ocular pulse.4 In this study, to reduce the effect of 
diurnal variation in IOP, measurements were done within 
an hour; however, diurnal variation of IOP cannot be avoided. 
Therefore, a small error is introduced in the measurement. 
Second, because of the single-center design, some bias may 
be present. There was an unequal gender distribution of 
subjects in this study; the fact that there were more female 
subjects than males may have influenced our results. In addi
tion, the range of ages was narrow, with university students 
used as the subjects. Therefore, it is unclear whether the same 
results can be obtained when older people are evaluated.
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Conclusion
The results of this study suggest that IOP measured using NCT 
may be inaccurate on the first day of measurement. IOP tended 
to be higher on the first measurement on day 1. The IOP 
measured on days 2–4 was stable during all six measurements. 
Blood pressure and cardiac rate were measured at the same 
time as IOP, resulting in a high cardiac rate only on day 1.
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