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Abstract
AIM: To explore the optimal interval of intraocular 
pressure (IOP) measurement for screening glaucoma in 
healthy people.

METHODS: From January to December 2005, we con-
secutively enrolled all participants (> 20 years old) at-
tending the Center for Preventive Medicine at St. Luke’
s International Hospital in Tokyo, Japan, for the annual 
health check program. The program promoted the early 
detection of chronic diseases and their risk factors. We 
excluded people who had glaucoma or a high IOP (≥ 
22 mmHg) at baseline. The annual health check-ups 
collected all demographic information and medical his-
tory with an initial evaluation, including IOP measure-
ment. IOP was measured in both eyes with a full auto-
tonometer TX-F (Canon, Tokyo, Japan). Participants 
with an IOP ≥ 22 mmHg in either eye were considered 
to require additional evaluation for glaucoma. We di-
vided the participants into two groups based on age: 
under 65 years old and over 65 years old. The United 
States Department of Health and Human Services Cen-

ters for Medicare and Medicaid Services guideline was 
used as a reference. 

RESULTS: From January 2005 to July 2008, 12 385 
participants underwent check-ups each year. The mean 
± SD IOP in the higher eye at baseline was 13.4 (2.6) 
in 2005, 13.2 (2.7) in 2006, 13.3 (2.6), and 12.8 (2.6) 
in 2008. In addition, we analyzed the differences with 
an analysis of variance (ANOVA), and additional analy-
sis was performed with Bonferroni’s correction. The dif-
ference between the 4 years was significant (P < 0.01) 
with ANOVA. Bonferroni analysis revealed significant 
differences between 2005 and 2006 (P  < 0.01), 2005 
and 2008 (P  < 0.01), 2006 and 2007 (P  < 0.01), 2006 
and 2008 (P  < 0.01), and 2007 and 2008 (P  < 0.01). 
Only the difference between 2005 and 2007 was not 
significant (P = 0.1). Logistic regression suggested that 
only age (P  < 0.01) and baseline IOP (P  < 0.01) were 
associated with high IOP; the presence of diabetes, 
HgbA1c level, gender, systolic blood pressure, diastolic 
blood pressure, low-density lipoprotein and family his-
tory were non-significant.

CONCLUSION: Annual IOP check-ups may be recom-
mended for participants aged ≥ 65 years with baseline 
IOPs of 17-21 mmHg. A check-up every 3 years or 
more may be recommended for patients with IOPs < 
17 mmHg.

© 2012 Baishideng. All rights reserved.
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INTRODUCTION
Glaucoma is a significant public health problem: ap-
proximately 45 million patients globally have open-angle 
glaucoma, and approximately 8.4 million patients become 
blind because of  glaucoma[1-3]. Although it has been re-
ported that the prevalence of  glaucoma for Asians is less 
than for Caucasian and African races, approximately 4 
million patients suffer from glaucoma in Japan[4-6]. There-
fore, it is necessary to treat glaucoma and prevent blind-
ness[7-10].

Intraocular pressure (IOP) measurement is one method 
to evaluate glaucoma[3,11], and it is sufficient as a screen-
ing procedure[12]. An IOP of  22 mmHg is considered a 
screening cut-off  level[13,14], and IOP is measured with a 
contact or non-contact IOP tonometer. A non-contact 
tonometer is as reliable as Goldmann applanation[15]. 
Patients with IOP values greater than 22 mmHg require 
additional work-up for glaucoma treatments.

There are various recommendations for glaucoma 
screening[16-18]. The United States Preventive Services Task 
Force found insufficient evidence to recommend either 
for or against screening adults for glaucoma[19]. Routine 
population-based mass screening for glaucoma may not 
be cost-effective[20]. However, some guidelines suggest 
that screening high-risk participants, for example, the el-
derly, African-Americans, those who have a family history 
or those who have high IOP at baseline, may be effec-
tive[21] and cost-effective[20]. Therefore, we aimed to evalu-
ate the optimal screening interval for glaucoma, especially 
among high-risk groups in Japan.

MATERIALS AND METHODS
Study participants
From January to December 2005, we consecutively en-
rolled all participants (> 20 years old) attending the Cen-
ter for Preventive Medicine at St. Luke’s International 
Hospital in Tokyo, Japan, for the annual health check 
program. The program promoted the early detection of  
chronic diseases and their risk factors. The data collected 
contained current and past medical history, including dia-
betes[22], and family history, including glaucoma[23-26]. We 
excluded people who had glaucoma or a high IOP (≥ 22 
mmHg) at baseline. 

Measurements
The annual health check-ups collected all demographic 

information and medical history with an initial evalua-
tion, including IOP measurement. IOP was measured 
in both eyes with a full auto-tonometer TX-F (Canon, 
Tokyo, Japan). Participants with an intraocular pressure 
≥ 22 mmHg in either eye were considered to require ad-
ditional evaluation for glaucoma. The diagnosis of  glau-
coma was reported by individual participants. We divided 
participants into two groups based on age: under 65 years 
old and over 65 years old. The United States Department 
of  Health and Human Services Centers for Medicare and 
Medicaid Services guideline was used as a reference. A 
total of  12 385 participants were enrolled in our study. 
The number of  participants under 65 years old was 
10 600, and the number of  participants aged 65 years or 
older was 1785. Among those who were under 65 years 
old, 1331 had an IOP of  17-21 mmHg at baseline, 6781 
had an IOP of  12-16 mmHg, and 1219 had an IOP of  
11 mmHg or lower. Among those who were aged 65 or 
older, 184 had an IOP of  17-21 mmHg at baseline, 1048 
had an IOP of  12-16 mmHg, and 553 had an IOP of  11 
mmHg or lower.

Statistical analysis
All data analyses were performed with an exact binominal 
using SPSS software 15.0J (IBM Japan, Tokyo, Japan) and 
Stata version 10 (STATA Corp, College Station, TX).

RESULTS
From January 2005 to July 2008, 12 385 participants 
underwent check-ups every year. The mean ± SD age 
of  participants was 50 (12) years, and 7617 (53%) were 
male. A total of  1852 (15%) were current smokers, and 
436 (3.7%) had diabetes. A total of  133 (1.1%) had a 
family history of  glaucoma. The mean ± SD body mass 
index was 22.5 (3.2) kg/m2, the height was 163.7 (8.7) 
cm, the systolic blood pressure (SBP) was 119.3 (17.7) 
mmHg, the diastolic blood pressure (DBP) was 74.2 (11.3) 
mmHg, the fasting plasma glucose was 100.4 (15.6) mg/
dL, and the hemoglobin A1c (HbA1c) at baseline was 
5.1 (0.6%). The total cholesterol, low-density lipoprotein 
(LDL) cholesterol, high-density lipoprotein (HDL) cho-
lesterol, and triglyceride levels at baseline were 206.1 (33.5) 
mg/dL, 117.9 (29.6) mg/dL, 62.2 (15.7) mg/dL, and 
102.4 (75.5) mg/dL, respectively (Table 1).

The mean ± SD IOP in the higher eye at baseline 
was 13.4 (2.6) in 2005, 13.2 (2.7) in 2006, 13.3 (2.6) in 
2007, and 12.8 (2.6) in 2008. In addition, we analyzed 
the differences with an analysis of  variance (ANOVA), 
and additional analysis was performed with Bonferroni’
s correction. The difference between the 4 years was sig-
nificant (P < 0.01) with the ANOVA. Bonferroni analysis 
revealed significant differences between 2005 and 2006 
(P < 0.01), 2005 and 2008 (P < 0.01), 2006 and 2007 (P 
< 0.01), 2006 and 2008 (P < 0.01), and 2007 and 2008 (P 
< 0.01). Only the difference between 2005 and 2007 was 
not significant (P = 0.1) (Figure 1).

After three years, for participants with an IOP of  11 
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or less than 11 mmHg, 12-16 mmHg and 17-21 mmHg 
at baseline, the cumulative incidence [95% confidence 
interval (CI) was 1.1% (0.4%-2.4%), 2.8% (1.9%-4.1%) 
and 9.5% (5.5%-15.0%)], respectively, in the group over 
65 years old and 0.5% (0.3%-0.9%), 0.8% (0.6%-1.0%) 
and 2.6% (1.8%-3.6%), respectively, in the group under 
65 years old (Figure 2). We analyzed these data with a log-
rank test. The result revealed that the group over 65 years 
old with a baseline IOP of  17-21 mmHg had significant 
differences compared to all of  the other groups (P < 0.01) 
(Figure 2).

Logistic regression suggested that only age (P < 0.01) 
and baseline IOP (P < 0.01) were associated with high 
IOP; the presence of  diabetes, HgbA1c level, gender, 
SBP, DBP, LDL and family history were non-significant.

DISCUSSION
Our study shows that the likelihood of  IOP increasing to 
approximately 22 mmHg is strongly predicted by baseline 
IOP level and age. The screening interval for glaucoma 

by IOP measurement may be determined from a partici-
pant’s age and baseline IOP.

For participants over 65 years old, an IOP of  17 
mmHg at baseline may be considerable. In the group 
with IOPs of  17-21 mmHg at baseline, the cumulative 
incidence of  glaucoma or high IOP was approximately 
7% in the following year. In contrast, in the groups with 
IOPs ≤ 11 mmHg and 12-16 mmHg at baseline, the cu-
mulative incidence was below 3% in 3 years. Therefore, 
annual IOP check-ups may be appropriate for individuals 
with IOPs of  17-21 mmHg at baseline, and check-ups 
every 3 years or more may be appropriate for individuals 
with IOPs below 17 mmHg.

The cumulative incidence of  glaucoma or high IOP 
was low for participants less than 65 years old. In groups 
whose IOP was ≤ 11 mmHg and 12-16 mmHg at base-
line, the cumulative incidence was below 1% in 3 years. In 
the group that had IOPs of  17-21 mmHg at baseline, the 
cumulative incidence was below 3% in 3 years. Therefore, 
check-ups every 3 years or more may be appropriate for 
people under 65 years old in the Asian population.

The American Optometric Association recommends 
annual eye examinations for people at risk for glaucoma. 
Our results demonstrated that elderly patients with high 
baseline IOP meet the criteria of  being at high risk for 
glaucoma. 

In our study, participants whose baseline IOPs were 
17-22 mmHg had a high incidence of  high IOPs in the 
first year. In our opinion, this result was due to measure-
ment error of  IOPs[27]. Because IOP measurement using 
the non-contact method is prone to error, participants 
who had borderline IOPs at baseline and a wide range of  
measurement error tended to have high IOPs the follow-
ing year. Because we analyzed cumulative incidence, the 
incidence of  high IOPs tended to be high in the first year 
for those with IOPs of  17-22 mmHg. 

There are some limitations to our study. First, our 
data lack possible risk factors for glaucoma, such as cata-
racts[28,29], steroid use[30] and myopia[31-33]. More frequent 
examination may be recommended for individuals who 

Table 1  Participants’ characteristics at baseline  n  = 12 385   
n  (%)

Characteristics  mean ± SD

Age (yr)       50 ± 12
Male 7617 (53)
Current smoker 1852 (15.0)
Height (cm)  163.7 ±  8.7
Body mass index (kg/m2)    22.5 ± 3.2
Diabetes   463 (3.7)
Family history of glaucoma   133 (1.1)
Higher intraocular pressure in each eye (mmHg)    13.3 ± 2.6
Systolic blood pressure (mmHg) 119.3  ± 17.7
Diastolic blood pressure (mmHg)   74.2  ± 11.3
Glucose (mg/dL) 100.4  ± 15.6
Hemoglobin A1c (%)     5.1  ± 0.6
Total-cholesterol (mg/dL) 206.1  ± 33.5
Low-density lipoprotein-cholesterol (mg/dL) 117.9  ± 29.6
High-density lipoprotein-cholesterol (mg/dL)   62.2  ± 15.7
Triglyceride (mg/dL) 102.4  ± 75.5
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have these risk factors. Second, there are some missing 
data in our study because not all participants returned 
every year. Although 34 234 participants came to the 
health check-up in 2005, only 12 385 (36.2%) continued 
to come for 4 years. Because our health check-up was not 
mandatory, some participants did not return. Third, our 
data did not have the results of  other optic nerve mea-
surements to diagnose glaucoma[34-36]. Because Asians are 
more likely to have normal tension glaucoma compared 
to other races, further evaluations are required in a future 
study. Finally, our data lack evaluation for glaucoma. Al-
though we could identify participants with high IOP us-
ing non-contact measurements from our data, we could 
not identify glaucoma patients. Additional studies that 
include glaucoma patient information are necessary to 
decide the optimal screening interval for glaucoma.

In conclusion, for the high-risk group (age ≥ 65 years 
and baseline IOP 17-21 mmHg), careful IOP check-up 
might be recommended. For all others, check-ups every 3 
years or more appear to be reasonable.
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ate and must provide relevant data to illustrate how they were ob-
tained, e.g. 6.92 ± 3.86 vs 3.61 ± 1.67, P < 0.001; CONCLUSION (no 
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Text
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Illustrations
Figures should be numbered as 1, 2, 3, etc., and mentioned clearly 
in the main text. Provide a brief  title for each figure on a sepa-
rate page. Detailed legends should not be provided under the 
figures. This part should be added into the text where the figures 
are applicable. Figures should be either Photoshop or Illustra-
tor files (in tiff, eps, jpeg formats) at high-resolution. Examples 
can be found at: http://www.wjgnet.com/1007-9327/13/4520.
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Tables
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Data that are not statistically significant should not be noted. aP < 
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there are other series of  P values, cP < 0.05 and dP < 0.01 are used. 
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