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Purpose: To investigate the relationships between estimated cerebrospinal fluid pressure (CSFP) and trans-lamina cribrosa
pressure difference (TLCPD) in open-angle glaucoma (OAG) in Korean population.

Methods: A total of 10,801 eyes were included from the Korean National Health and Nutrition Examination Survey V. All partic-
ipants (aged 19 years or older) were classified as non-glaucomatous group, OAG suspect group and OAG group. CSFP was cal-
culated as CSFP (mm Hg) = 0.44 body mass index (kg/m?) + 0.16 diastolic blood pressure (mm Hg) - 0.18 age (years) - 1.91.
TLCPD was calculated by subtracting CSFP from intraocular pressure.

Results: The mean estimated CSFP was (8.7 + 3.3 mm Hg vs. 11.6 + 3.7 mm Hg, 11.2 + 3.8 mm Hg vs. 11.6 + 3.7 mm Hg) was
lower, and the mean TLCPD (5.7 + 4.4 mm Hg vs. 2.2 + 4.4 mm Hg, 3 £ 4.7 mm Hg vs. 2.2 + 4.4 mm Hg) was higher in the OAG
group and in the OAG suspect group than in the non-glaucomatous control group, respectively (p < 0.001). After adjusting relat-
ing factor with CSFP and TLCPD using simple linear regression and multivariate analyses, the mean estimated CSFP was dis-
tributed lower (p < 0.001; beta: -0.12; B: -2.306; 95% confidence interval [Cl]: -2.717, -1.895) in OAG group than in non-glaucom-
atous group and the mean TLCPD was distributed higher (p < 0.001; beta: 0.099; B: 1.349; 95% CI: 0.977, 1.72; p < 0.001; beta:
0.118; B: 2.776; 95% CI: 2.264, 3.289) in OAG suspect group and in OAG group than in non-glaucomatous group, respectively.
Conclusions: Estimated CSFP and calculated TLCPD showed essential association with OAG presence. It supports the poten-
tial role of low CSFP in the pathogenesis of OAG.

J Korean Ophthalmol Soc 2016;57(9):1392-1399

Keywords: Cerebrospinal fluid pressure, Open-angle glaucoma, Trans-lamina cribrosa pressure difference

m Received: 2016. 4. 28. m Revised: 2016. 6. 23.

= Accepted: 2016. 8. 2. SWAE A4l 15T AloF &4 EACR sk 4
® Address reprint requests to Ka Hee Park, MD oo 2 MAFoRE Aol a3t Yoy A4 49
Do o bl S me U Sl o) A Wl 514 i A
Tel: 82-32-621-5424, Fax: 82-32-621-5018 A A2 HUAY] Y3 dA = 2okt o] Qo ol 7=
E-mail: ophkh@schmec.ac.kr o, w8, 04, Pt w89 B4 AEy} o o] 9)
* This work was supported by the Soonchunhyang University on ol o] Yok TR L2 9FaolSo] A4

Research Fund.

* We would like to thank Bora Lee, of Biostatistic Consulting, B2 k! H2 oy Ao AUt A
Soon Chun Hyang University Medical Center, for her assistance . . - .
with the statistical advice throughout the study and preparation “=%Y(cerebrospinal fluid, CSF)] A& Bl AMFHTE U
of this manuscript. ZHtrans-laminar cribrosa pressure difference, TLCPD)7} 5

(© 2016 The Korean Ophthalmological Society
This is an Open Access article distributed under the terms of the Creative Commons Attribution Non-Commercial License (http://creativecommons.org/licenses/by-nc/3.0/)
which permits unrestricted non-commercial use, distribution, and reproduction in any medium, provided the original work is properly cited.

1392



746U XHTLCPD = intraocular pressure [IOP] — intra-
cranial pressure [ICP])2 A oIstc}.® o|at AAYTH7-G-9t
A} 2w AR Wago] o Ao R B
of k7t A o] 2 Qlf Al4l7 o] &A4tEE Suo]
A e Aom ke, A QR AgolE K

oro] we ASelt AMTAFARA} St o

© WAHsgre ARkl g@aclom gEd
438

e,

ol ZWal] A HASLS S S| Ba
Sht, Qubom WMk A AxE 235 ol
A e R R S5 Uik A4 Ak
A 2 B FAS Do Aol G BHHA &
71017] whel] AMFT AR Hhge] elo] ek
L ol2e Zushe delt §1go] FuE 4 gtk o] 3

As7] 93l Xie et al’2 0]¢H7] &e(diastolic blood pres-
sure, diastolic BP), 1}¢](age), A2 A]4x(body mass in-
dex, BMD)E o|-&sto] FAWY X HA-UE AS5S o+
9= FAIICP = 0.44 x BMI [kg/m’] + 0.16 x diastolic BP
[mmHg] — 0.18 x age [years] — 1.9)= W&%loH, o]
= &oto] 32T HARYY AFHAE 6 =
w2 peto] AR SR ou| Q= Aol 7 WAYSHA] Aok
o} ol ofHdt A ogste] FETt
HHps ol ANzl H A qkat AR
Foreate] oJdte) tiste] dAtata QIek'™" Jonas: 3
= Q172 g2 3t Beijing eye study''9} QlE Q1S
o4} O 2 3} Central India eye and medical study'*oj|4] 7}
BRSOl Sale o) ool eRbuTh A
A7k o 2 RS Boln We uH4re] At
el wae] SaFt 24 Bk v
olof B A= A|57] A7 FU2Al the Korean National
Health and Nutrition Examination Survey, KNHANES V) Z}&
£ vhgoz gl Az B b oo
= AuE ST A4 taRe HAee @ e

of

filo
s
5
2

3 Az ol o] Aolg Bl wuxh s,

!
B 47120051717 34 717 AXJaleon, AK7)2007-
20004 REE AF2AA AR Aesle] 22 A8

T A57](2010-20124) ZAFA] ZAE L} 2wlAz
FEAMS 2AF HEHR AZHBZAL WAL AHEA
2 7RI 5 ot B AT AZAERA Y HAEA
= ohmst vk 194] olAre] Aol & <kel e A4 Wt

gsraon AP A SRS B 4 9

Goldmann A FQHIAIZ S S5kl FAE QHAIEY
(TRC-NW6S, Topcon) HARR A4 72 o= &4lst
1! frequency doubling perimetry (FDT) A]oFE A Humphrey
Matrix; Carl Zeiss Meditec Inc., Dublin, CA, USA)E A|3j
sl o M=% 7 AHHaag-Streit model BQ-900; Haag-
Streit AG, Koeniz, Switzerland)E 53l Van Herick method

MOR A7 HolS Belsku o hUS §5E 3t

oFsigict o4 Bl A 5 Yoz BRY L B
olsfErA RolAL GAtaBe] BT AP, RS B
sfol 2d|zo|=ut et oFAIS Hgaku Gt AL A

ofskalet.

Al
FFEHAAT o-disc ratio, C/D ratio] 0.6 ©|
B ANA R FY B A4 48F 2 9 44

(= Iy ;’(‘1
AA17 -5H][vertical cup-disc ratio, VCDR]7} 0.2 ©]4}9]

ﬁ
2

=
R

i



- Cstetatets|x| 2016 A 57 ® M 9 -

Z}o]& Hol= 7L, ISNT rule [that normal eyes show a
characteristic configuration for disc rim thickness of inferior
> superior > nasal > temporal]|-& THE35}11] o= A2 7}
AL Z1of| 455k Aok Aig Kol A-(EE 3L ol

j 84 =
gholut 41747} Agho] Gl AL Agstant. of F Ful
o Zlo|7} ZukEAle] 25% ol el

3T o v
2 Holstgek Sl JHEE F9k 99 1
A

6
o 47 A4 $ETE 02 o4 HolE Boli

0.16 x diastolic BP [mmHg] — 0.18 x age [years] — 1.91)ll
= olgstth AMFEE A EAE FAT HAUlA
ek W gro = SHYit

(

-

=7 24

Yolels i kel F¢ W EEWA, WEd
Wgo A9 HESl 2u WEL)E ErlSich 23
715 54 W QR o) A4 Aolg A it
of Hg W42 A 7ol Al 4 (Chi-square test) Ei=
o] A3t A4 (Fisher’s exact test)S AFE-3IT, d4
3 W] B9 Ad A7 Aol wet dUdufA] AR
Xl(one-way analysis of variance, ANOVA) = I ZAZF
LA HA(Kruskal-Wallis test)S A3t A4d H
o] AT SRS Selst] Slalol 247t Al

4= ZH7(Shapiro-Wilk test)@} #Hlo] SEA] #HA
(Levene’s homogeneity of variance test)S 4=33}tt. Ak
FARORE A% o] 44 275(Schefle)o] Y
< ARgetYla, Wy ¥l 9 Eo|E(Bonferroni)
H

el 13 Aol et Waae W AR Y
o] Bzol Zfol7t Gl=x] Shelshin, 71 2jof HH4¢} ©

1394

>~

M ereiaieh il sl AAE 2] Slstel T
& 3] AEA(simple linear regression)S 4~3Y3}ch
Y HARHOIH SR QA4S Mo akaike
information criterionE 7|9ro & 3= XA H(backward
selection)S A-8-5F th5 A9 3] #EA(multiple linear re-
gression) & aBIon], 1 AE nlgro® 7} lxpEY
FHHS 95% Al 23Rt 3| A 4x(regression co-
efficient, denoted by B)2} 335} 3] Al4=(standardized re-
gression coefficient, denoted by Beta)Z A A3} &, ¥
Q1T AT SRS A0 AGEE A
aegte] 79, A, AUF A4, ol97] Bk AT
FAEA A, A, AFF A o] 9 b=
s Bloll thet e S AR o] sRgolA A&fstal
ok FEHor HuE v AF AEPs Ao s 7t
MAES] WAt AV R EAE 45k SUiA

dr x

slglom, B4 Z= 732 SPSS version 14.0 (SPSS Inc.,
Chicago, IL, USA)¥} R version 3.1.3 (The R Foundation for
Statistical Computing, Vienna, Austria) ©]-23}%It}.

2 at

o™ r
r oo

A4 AL B Qkat AL RS RE 194] o)) A9
F 6.1329(10.8019he|T 15 AYzhspgos
e AHE 3269(4289D), S eJAl Aol gl 7
89513(1,2249h), =113 o] A4 o
9.1499h01%le. AAREY] B AL 508 + 1664,
Qo] W AL 544+ 15, }
AP E 655+ 1LTAZ A 7 7 o
#(p<0.001), T H&E BATOIA HATH 40.6%, )
FolaTtolA 51.6%, SWTtolA 36.6%= At =
WaFSIAlE 7ol §0lh AHol7k AUTHp<0.001). T 2]
Al 2 7k 9lm] Gl Aol B Bl A4l fole 5%7] B,
HDL e 26]80] 9ek(p<0.001). ©|27] BYL %
el Sl S gkl ol
#o|7 UATp<0.001), FHA - AT A2t
A 71 o) 9l Fol7t AUTHp<0.001). AU 53
HAEEE A 2 7 o] g Holsk §elekp=0.05)

:

u‘h
o o
=
=

o M1 4r of

o,
Ir
R0
el
i
T
¥ of

vy
>
O

O
r

]

4_1}; 30
AT}

N

A W 4 HH4eY2 11.6 + 3.7 mmHg, =
oAl Wt 4 HH49k2 11.2 + 3.8 mmHg, 5]
o] Bt 4 M4 8.7 £ 3.3 mmHg=E Al + 7t

[e)

3 4
o] 9= AtelE B 2H(p<0.001), AFFEHE U Ao



Table 1. Characteristic per groups

Variable Normal Glaucoma suspect Glaucoma Total COIIlparIS*O n
(p-value )
By patient N = 4,911 N = 895 N = 326 N = 6,132
Age (years) 50.8 + 16.6 54.4 +15.7 65.5 + 11.7 52.1 + 16.6 <0.001" %1323
Sex (n, %)
Male 1,995 (40.6) 462 (51.6) 152 (46.6) 2,609 (42.5) <0.001"?
Female 2,916 (59.4) 433 (48.4) 174 (53.4) 3,523 (57.5)
BMI (kg/m®) 23.7 +3.4 23.9 +32 23.7 +3.2 23.8 + 3.4 0.510
Systolic BP (mm Hg) 1193 + 16.9 1222 + 18.1 126.6 + 17.6  120.1 + 17.2 <0.001"*1323
Diastolic BP (mm Hg) 75.6 + 10.4 76.7 + 10.3 75.0 + 10.1 75.7 + 10.4 0.004'%%3
Pulse (beats/15 sec) 17.6 + 2.0 14.1 + 3.0 17.5 + 2.1 17.1 + 2.6 <0.001"%%?
Total cholesterol (mg/dL) 189.7 + 36.6 188.1 + 357  190.2 + 362  189.5 + 36.5 0.468
HDL cholesterol (mg/dL) 51.8 + 12.7 50.5 + 12.6 48.4 + 11.1 51.5 + 12.6 <0.001"*1323
Triglycerides (mg/dL) 130.5 + 130.9  137.1 £ 106.7 147.1 + 81.0  132.3 + 103.3 0.010"?
By eye N = 9,149 N = 1,224 N = 428 N = 10,801
Corneal refractive power (diopter) 0.8 +£2.2 -0.7 £ 2.1 -0.7 £ 3.0 0.8 +£22 0.048
ACD 28+05 27405 27406 28405 <0.001"°
Vertical CDR 0.3 +0.1 0.6 + 0.1 0.7 +£0.2 0.4 +0.1 <0.001">13*3
Horizontal CDR 0.3 +0.1 0.6 + 0.1 0.6 + 0.2 0.4+ 0.1 <0.001" %133
Estimated CSFP (mm Hg) 11.6 + 3.7 11.2 +3.8 87 +3.3 11.4 +£3.7 <0.001" %1323
IOP (mm Hg) 137 +2.7 142 + 3.0 14.4 +3.4 13.8 +2.8 <0.001"*"?
TLCPD (mm Hg) 22 +4.4 3.0 +4.7 5.7 + 4.4 24 +45 <0.001" "2

Values are presented as mean + SD unless otherwise indicated.

BMI = body mass index; BP = blood pressure; HDL = high-density lipoprotein; ACD = anterior chamber depth; CDR = cup-to-disc ratio;

CSFP = cerebrospinal fluid pressure; IOP =

intraocular pressure; TLCPD =

trans-lamina cribrosa pressure difference.

*p-values were calculated by analysis of variance (ANOVA) assuming unequal variance for continuous variables and Chi-square test for catego-
rical variables. Posthoc comparison by Scheffe’s method: i-j means that i-th group had significant differences (i, j = 1, 2, 3; Group 1 =

Normal, Group 2 = Glaucoma suspect, Group 3 = Glaucoma).
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Table 2. Linear regression analysis for cerebrospinal fluid pressure

Variable Univariable Multivariable

B 95% CI Beta  p-value B 95% CI Beta p-value VIF
Glaucoma suspect (vs. Normal) -0.348  -0.566, -0.130  -0.030 0.002 0.241 -0.056,0.538 0.022  0.111 0.000
Galucoma (vs. Normal) -2.871  -3.226,-2.516 -0.151 <0.001 -2.306 -2.717,-1.895 -0.120 <0.001 2.594
Male (ref: Female) 0.869 0.728,1.009 0.116 <0.001 0.870 0.730, 1.009 0.120 <0.001 1.093
Systolic BP (mm Hg)" -0.140  -0.646, 0.366  -0.005 0.588
Pulse (beats/15sec)” 1.992 1.514,2.469  0.082 <0.001 1.502 0.969,2.035 0.063 <0.001 1.485
Total cholesterol (mg/dL) 0.004  0.002,0.006  0.041 <0.001 0.003 0.001,0.005 0.028  0.005 1.162
HDL cholesterol (mg/dL) -0.003  -0.009, 0.002  -0.012 0.228
Triglycerides (mg/dL)" 0.592 0472,0.712 0.095 <0.001  0.599 0.474,0.724 0.098 <0.001 1.234
Corneal refractive power (diopter) -0.579 -0.609, -0.549 -0.345 <0.001 -0.539 -0.569,-0.509 -0.337 <0.001 1.041
ACD 1.154  1.006, 1.032  0.146 <0.001 0.691 0.548,0.835 0.089 <0.001 1.027
Vertical CDR -2.578 -3.059,-2.097 -0.101 <0.001 -1.178 -1.832,-0.525 -0.048 <0.001 2.073
Horizontal CDR 2322 -2.817,-1.826 -0.088 <0.001
IOP (mm Hg) 0.086 0.061, 0.111 0.065 <0.001 0.034 0.009,0.059 0.027 0.007 1.110

B = regression coefficient; CI = confidence interval; Beta = standardized regression coefficient; VIF = variance inflation factor; BP = blood
pressure; HDL = high-density lipoprotein; ACD = anterior chamber depth; CDR = cup-to-disc ratio; IOP = intracular pressure.
*Natural logarithmic transformations were performed before analysis.
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Table 3. Linear regression analysis trans-lamina cribrosa pressure difference

Univariable Multivariable

Variable

B 95% CI Beta  p-value B 95% CI Beta p-value VIF
Glaucoma suspect (vs. Normal) 0.798  0.533, 1.062 0.056 <0.001 1.349 0.977,1.720 0.099 <0.001 0.000
Galucoma (vs. Normal) 3.537  3.107, 3.967 0.154 <0.001 2776 2.264,3.289 0.118 <0.001 2.579
Male (ref: Female) -0.614 -0.785,-0.442 -0.067 <0.001 -0.740 -0.910, -0.570 -0.081 <0.001 1.018
Systolic BP (mm Hg)" 2.257  1.644,2.869 0.069 <0.001
Pulse (beats/15 sec)” 2.090 1.509, 2.671 0.070 <0.001 4.604 3.964,5243 0.155 <0.001 1.362
Total cholesterol (mg/dL) -0.001  -0.003, 0.002 -0.006 0.538
HDL cholesterol (mg/dL) -0.008 -0.015,-0.002 -0.024 0.015
Triglycerides (mg/dL)" -0.100  -0.247,0.047 -0.013 0.185
Corneal refractive power (diopter) 0.506  0.468,0.543  0.248 <0.001 0.492 0.454,0.530 0.244 <0.001 1.030
ACD -1.134  -1.314,-0.954 -0.118 <0.001 -0.729 -0.909, -0.549 -0.076 <0.001 1.026
Vertical CDR 4303 3.722,4.884 0.138 <0.001 2.446 1.623,3.268 0.080 <0.001 2.090
Horizontal CDR 3.903  3.304, 4.501 0.122 <0.001

B = regression coefficient; CI = confidence interval; Beta = standardized regression coefficient; VIF = variance inflation factor; BP = blood

pressure; HDL = high-density lipoprotein; ACD = anterior chamber depth; CDR = cup-to-disc ratio.
*Natural logarithmic transformations were performed before analysis.
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