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Objective: To investigate the impact of central corneal thickness (CCT) on the intraocular pressure (IOP) measurement by
non-contact tonometry (NCT).

Material and Method: Eye examination data of normal volunteers aged between 18-96 years and intraocular pressure less
than 22 mmHg were retrospectively reviewed. Subjects with possible conditions that affected the results of CCT and I0P
measurement by NCT were excluded. The data of CCT and IOP measurements by NCT were obtained. Linear and multiple
regression analysis were used to evaluate the influence of CCT and age on IOP measurement by NCT.

Results: Four hundred and thirty seven eyes of 437 subjects were enrolled. The mean age was 49.05 + 18.84 years. The
average CCT was 524.56 + 32.40 microns and the mean IOP measurement by NCT was 13.85 + 2.81 mmHg. Linear
regression model showed a significant negative correlation between CCT and subject age (p < 0.001), but had a positive
correlation between CCT and IOP measurement by NCT (p = 0.006).

Conclusion: CCT has a significant impact on IOP measurement by NCT. The finding suggests that CCT is an important

parameter for interpretation of IOP measurement by NCT.
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Glaucoma is a chronic eye disease characterized
by loss of neural rim of the optic disc and retinal nerve
fiber layer that usually has a corresponding visual
field defect. The results from the Ocular Hypertension
Treatment Study (OHTS) demonstrated that a central
corneal thickness of less than 555 microns was one of
the important risk factors for ocular hypertension
patients developing primary open angle glaucoma®.
Nevertheless, some studies have reported that
glaucoma patients with thin central corneal thickness
(CCT) were at a higher risk of developing glaucoma
progression®4,

Goldmann applanation tonometry (GAT)
has been the gold standard for intraocular pressure
(I0OP) measurement for decades. Many studies
have demonstrated the influence of CCT on IOP
measurement by GAT®9, The impact of CCT on IOP
measurement is a concern for glaucoma diagnosis
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and management. Non-contact tonometry (NCT) is an
alternative 10P measurement method because it is
easy to use and does not need special training. Thus,
it is widely used as a screening tool for glaucoma.
Nevertheless, NCT can decrease the potential risk of
ocular infection and the transmission of prion proteins.
The IOP measurements by NCT are highly correlated
with GAT in both normal and glaucoma patients®%19,
However, there are little data about the influence of
CCT on IOP measurement by NCT.

The authors aimed to investigate the impact
of CCT on I0P measurements by NCT. The finding
should be valuable for glaucoma diagnosis and
management.

Material and Method

Data of normal volunteers who had eye
examinations between June 1, 2005 and May 31, 2006
of the Ophthalmology clinic, Songklanagarind Hospital
were reviewed. The protocol of the present study
was approved by the Hospital Ethic Committee. The
inclusion criteria were normal patients aged between
18 and 96 years with a history of CCT and NCT
examination. The exclusion criteria were intraocular
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pressure over 21 mmHg, contact lens wearer, previous
ocular surgery, glaucoma, corneal diseases, active
ocular inflammation, and diabetes mellitus.

The subjects who were eligible for the
present study underwent a complete eye examination.
IOP was measured using NCT (Nidek NT 3000,
Gamagori, Japan). The NCT had automatic alignment
and focusing. When exact alignment was accomplished,
the tonometer measured the 1OP three times
automatically and reported the 10P with an average
value. CCT was measured by an experienced examiner
using ultrasound pachymeter (Tomey SP-3000;
Tomey Corp., Nagoya, Japan). Before measuring CCT,
a drop of 0.5% tetracaine hydrochloride (Alcon, Fort
Worth, Texas, USA) was applied. With the patient
fixating on a distant object, the probe was gently
applied to the corneal surface over the central
pupillary area. The test was repeated five times and
the pachymeter automatically calculated the mean
CCT value.

Statistical analyses were performed to right
eyes only to ensure independent observations. Linear
regression and multiple regression analyses were
performed with SPSS Version 13.0 (SPSS, Chicago, IL,
USA) for Macintosh to explore the relationship
between 10P measurement by NCT, CCT and subject
age.

Results

Four hundred and thirty-seven eyes of
437 subjects were enrolled in the present study. All
subjects were Thai and 286 of the 437 (65.4%) subjects
were female. The mean age was 49.05 + 18.84 years
(range 18-96 years). The mean intraocular pressure
measured by a non-contact tonometer was 13.85 +2.81
mmHg (range 6-21 mmHg). The average central corneal
thickness was 524.56 + 32.40 microns (range 419-625
microns). There were no significant differences of
mean age, IOP and CCT between genders (p > 0.05).

The linear regression analysis showed a
significant negative correlation between subject age
and CCT (p < 0.001) but no significant correlation
between subject age and 1OP measurement by NCT
(p=0.127). However, CCT was significantly correlated
to 10P measurement by NCT. The equations are as
follows:

CCT =549.49-0.51 xAge (Fig. 1)
(adjusted R?=0.09; p<0.001)

IOP, ., =7.87+0.01x CCT (Fig. 2)
(adjusted R?=0.02; p =0.006)
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These equations implied that CCT decreased
by 5.1 microns (95% CI -6.63, -3.53) for each 10-year
increase in subject age and the IOP measurement by
NCT changed by 0.1 mmHg (95% CI 0.03, 0.2) for every
10 microns of CCT change.

When multiple regression analysis was
applied to evaluate the effect of CCT and subject age
on IOP measurement by NCT, it showed a significant
correlation. The equation is as follow:

IOP, ., =5.33+0.02x CCT +0.02x Age
(adjusted R2=0.03; p=0.001, 0.013 respectively)

The equations demonstrated that IOP
measurement by NCT changed by 0.2 mmHg (95% Cl
0.06, 0.23) for every 10 microns of CCT change and
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Fig. 2  Scatter plot between IOP measured by NCT and

CCT, showing positive correlation
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changed by 0.2 mmHg (95% CI 0.04, 0.33) for every
10 years of change in the subjects’ age.

Discussion

There are several reports on the relationship
between CCT and IOP measurements by GAT® %, Some
studies have also reported the relationship between
CCT and IOP measurements by NCT. They found that
I0P measurement by NCT changed by 0.22-0.63 mm
Hg for every 10 microns of CCT change®1%12, These
numbers are greater than the authors’ result (0.1 mm
Hg for every 10 microns of CCT). The difference
between the authors’ result and previous studies may
be affected by different NCT instruments and studied
subjects. The understanding about the impact of
CCT on IOP measurement by NCT can be beneficial for
IOP determination for glaucoma screening and
management.

The average CCT in the present study is
524.56 + 32.40 microns, which is close to the result
from a previous study in the Thai population by
Ruangvaravate et al (529.58 + 32.83 microns)®® but
slightly smaller than the result from a study by Lekskul
etal (535.2 + 29.9 microns)®, The result may be due to
the difference of the subjects’ ages between the present
study and previous studies and the ethnicity of the
subjects. The relationship between CCT and age is
inconsistent. It depends on the age group studied,
underlying diseases, and race®>!, Some of those
reported a CCT increase with increased age in
Caucasians®>%19_Qther studies found an association
between increased CCT and diabetes mellitus®19. On
the other hand, the present study showed that CCT
decreased with increased age, the result is similar to
the previous studies especially those that studied
subjects in the Asian population®2-22, Although the
linear regression analysis did not demonstrate a
significant correlation between subject age and 10P
measurement by NCT, a multiple regression model
showed a significant correlation of CCT and subject
age on IOP measurement by NCT. The finding might
occur due to the influence of the subjects’ age on CCT.

The limitation of the present study is that it is
a retrospective study, lack of data in high IOP range
(over 21 mmHg) and no glaucoma patient enrollment.
These may affect the results.

Conclusion

Although the present study enrolled subjects
who had 10P in the normal range, the results showed
a significant correlation between CCT and IOP

576

measurement by NCT. The finding is an important
implication for glaucoma diagnosis and management.
It is essential for clinicians to know how much central
corneal thickness affects the IOP measurement by
NCT, thus clinicians can make an appropriate IOP
determination.

Potential conflicts of interest
None.

References

1. Gordon MO, Beiser JA, Brandt JD, Heuer DK,
Higginbotham EJ, Johnson CA, et al. The Ocular
Hypertension Treatment Study: baseline factors
that predict the onset of primary open-angle
glaucoma. Arch Ophthalmol 2002; 120: 714-20.

2. Herndon LW, Weizer JS, Stinnett SS. Central
corneal thickness as a risk factor for advanced
glaucoma damage. Arch Ophthalmol 2004; 122:
17-21.

3. Kim JW, Chen PP. Central corneal pachymetry and
visual field progression in patients with open-angle
glaucoma. Ophthalmology 2004; 111: 2126-32.

4. Zeppieri M, Brusini P, Miglior S. Corneal thickness
and functional damage in patients with ocular
hypertension. Eur J Ophthalmol 2005; 15: 196-201.

5. Bhan A, Browning AC, Shah S, Hamilton R,
Dave D, Dua HS. Effect of corneal thickness on
intraocular pressure measurements with the
pneumotonometer, Goldmann applanation
tonometer, and Tono-Pen. Invest Ophthalmol Vis
Sci2002; 43: 1389-92.

6. Foster PJ, Machin D, Wong TY, Ng TP, Kirwan JF,
Johnson GJ, et al. Determinants of intraocular
pressure and its association with glaucomatous
optic neuropathy in Chinese Singaporeans: the
Tanjong Pagar Study. Invest Ophthalmol Vis Sci
2003; 44: 3885-91.

7. Goldmann H, Schmidt T. Applanation tonometry.
Ophthalmologica 1957; 134: 221-42.

8. Ko YC, Liu CJ, Hsu WM. Varying effects of
corneal thickness on intraocular pressure
measurements with different tonometers. Eye
(Lond) 2005; 19: 327-32.

9. Saleh TA, Adams M, McDermott B, Claridge KG,
Ewings P. Effects of central corneal thickness and
corneal curvature on the intraocular pressure
measurement by Goldmann applanation tonometer
and ocular blood flow pneumatonometer. Clin
Experiment Ophthalmol 2006; 34: 516-20.

10. Tonnu PA, Ho T, Newson T, El Sheikh A, Sharma

J Med Assoc Thai Vol. 94 No. 5 2011



11.

12,

13.

14.

15.

K, White E, et al. The influence of central corneal
thickness and age on intraocular pressure
measured by pneumotonometry, non-contact
tonometry, the Tono-Pen XL, and Goldmann
applanation tonometry. Br J Ophthalmol 2005; 89:
851-4.

Eysteinsson T, Jonasson F, Sasaki H, Arnarsson
A, Sverrisson T, Sasaki K, et al. Central corneal
thickness, radius of the corneal curvature and
intraocular pressure in normal subjects using
non-contact techniques: Reykjavik Eye Study.
Acta Ophthalmol Scand 2002; 80: 11-5.

Siganos DS, Papastergiou GI, Moedas C.
Assessment of the Pascal dynamic contour
tonometer in monitoring intraocular pressure in
unoperated eyes and eyes after LASIK. J Cataract
Refract Surg 2004; 30: 746-51.

Ruangvaravate N, Neungton C. Normative data
of optic nerve head in Thai population by laser
scanning tomography: Siriraj study. J Med
Assoc Thai 2008; 91: 859-63.

Lekskul M, Aimpun P, Nawanopparatskul B,
Bumrungsawat S, Trakulmungkijkarn T,
Charoenvanichvisit J, et al. The correlations
between Central Corneal Thickness and age,
gender, intraocular pressure and refractive error
of aged 12-60 years old in rural Thai community.
J Med Assoc Thai 2005; 88 (Suppl 3): S175-9.
Doughty MJ, Zaman ML. Human corneal

J Med Assoc Thai Vol. 94 No. 5 2011

16.

17.

18.

19.

20.

21.

22.

thickness and its impact on intraocular pressure
measures: a review and meta-analysis approach.
Surv Ophthalmol 2000; 44: 367-408.

Yee RW, Matsuda M, Schultz RO, Edelhauser HF.
Changes in the normal corneal endothelial cellular
pattern as a function of age. Curr Eye Res 1985; 4:
671-8.

Larsson LI, Bourne WM, Pach JM, Brubaker RF.
Structure and function of the corneal endothelium
in diabetes mellitus type | and type Il. Arch
Ophthalmol 1996; 114: 9-14.

Polse KA, Brand R, Mandell R, Vastine D, Demartini
D, Flom R. Age differences in corneal hydration
control. Invest Ophthalmol Vis Sci 1989; 30: 392-9.
Schultz RO, Matsuda M, Yee RW, Edelhauser HF,
Schultz KJ. Corneal endothelial changes in type |
and type Il diabetes mellitus. Am J Ophthalmol
1984; 98: 401-10.

Cho P, Lam C. Factors affecting the central corneal
thickness of Hong Kong-Chinese. Curr Eye Res
1999; 18: 368-74.

Foster PJ, Baasanhu J, Alsbirk PH, Munkhbayar
D, Uranchimeg D, Johnson GJ. Central corneal
thickness and intraocular pressure in a Mongolian
population. Ophthalmology 1998; 105: 969-73.
Kamiya K, Shimizu K, Ohmoto F. Effect of aging
on corneal biomechanical parameters using the
ocular response analyzer. J Refract Surg 2009; 25:
888-9.

577



NANTENUTDNAIINYDIUUIATINAWNTEANFIADAIINAUGNAALILATEITAAIINAUG NG
wun lNaNad

o o

yeyie wisanaan, asan vasausa
Tngilseasn; T ANHINIENUYBIANIUNANNA NN TZANAIABAITUgNAT IREAT BT A A g N
wiiy AT

JAAUAZIBNS: ﬁnm;@wﬁqmmmmYummmfmﬂnﬁmglfzm"m 1809 96 11 LL@;’WIJ’UJ@V%@HEI’IJ@HHQ,’)
22 uu.1lzan ﬂ”mgyﬁnﬁoxﬁmﬂnﬁéfoﬁmmén7m”mmmwmm\mm\m?mnmummmﬁu@nm@@n I
i/ymal@ﬂﬂ’IJJ‘M‘LJ’)FI3\7/‘7@’)\m3‘;‘,’@ﬂﬁl’)LL@;’ﬂQ’)JJﬁT%@ﬂEI’WT’?E@? linear uaz multiple regression UsziNUANFNATDN
mmwmﬁzNn@’;\mnﬁmmumzmgfﬁzémvm‘“u@nmimZ‘mﬂm?"mo”ﬁmmm”u@nmnguuY:J'ﬁ”m”ﬁ
NANISANEY: 437 F1YBNEIANANAT 437 AL mm@?\fﬂ 49.05 + 18.84 11 AINMUIRFINANNIZANAUNITL
524.56 + 32.40 luAsoU uaz mm@mmmummmfﬁﬂm?mmmfzmu@nmmuimmmmnu 13.85 +
2.81 un.1zen linear regression memﬁmmwuﬁm@mmwuﬁmmmnmwmmwmmwnﬂwn?mnm
uazeg (p < 0.001) un Ao uduTus 1 9nane e 19T a1 Ay 7EMa 19AINNNLIRTINANNTEANAT
meomﬁ)u@nm (p = 0.006)

ag1l: pILMANNANNsTanaTuanssn e wlTeA AynanisTanausugna lngiATesianausy
@nmuuu?ﬁﬂ”m‘“@ L’J@ﬂ’7?ﬁldﬂtf’lﬁgfmu@LL‘LJVJ,’)WJ’)JJ‘M%’)E]3‘\7f7ﬁ’)\m?;‘:@ﬂﬁl’)Lﬂuﬂ@@Vﬂﬂu’)ﬂVZﬂuﬂ’l?LL‘L/@EJM’?")

o

AuAUgNa latATENIAAINAUgNAIMLIL [NANEE

578 J Med Assoc Thai Vol. 94 No. 5 2011



