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Central circle: F, Inner ring: SI + NI+ Il +TI,
Outer ring: SO+NO +10+TO

Figure 1. ETDRS subfields within standard 1, 3, and 6 mm di-
ameter concentric circles on the right used for reporting retinal
thickness. ETDRS = Early Treatment of Diabetic Retinopathy
Study (F = fovea; SI = superior inner; NI = nasal inner; II
= inferior inner; TI = temporal inner; SO = superior outer;
NO = nasal outer; IO = inferior outer; TO = temporal outer).
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Table 1. Study population demographics

-gsE o
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No. of eyes Age (mean + SD) Age (range) Spherical equivalent (D)
Male Male Male
Al — All Al @ — All
Female Female Female
Group 1 (0-19) 39 21 8.59 +3.85 8.24 +4.09 4-19 4-19 -0.03 £+ 0.52
18 94+ 3.63 4-15
Group 2 (20-39) 46 20 33.48 +5.03 32.6 +£5.53 22-39 22-39 -0.13 + 0.41
26 33.77 £ 5.37 24-39
Group 3 (40-59) 42 24 47.52 +5.62 45.83 + 5.80 40-57 40-57 -0.04 + 0.55
18 49.82 £+ 4.76 41-57
Group 4 (60-80) 35 13 67.34 +7.35 69 + 8.14 60-80 60-79 0.05 + 0.53
22 66.36 + 6.85 60-80
Total 162 78 33.38 +21.41 36.18 + 21.43 4-80 4-79 -0.04 + 0.50
84 40.33 + 21.39 4-80
p-value <0.001* <0.001* 0.397"
<0.001*

* . .
Analysis of variance.

Table 2. Macular thickness (um) and volume (mm®) measurements using spectral domain optical coherence tomography in emme-
tropic eyes by 4 age groups (mean +SD)

Cc?ntral SI NI I I Ayerage SO NO 0 TO Average Overall T™MV
circle inner outer  average
Group 1 256 317 320 310 306 313 287 301 274 267 282 283 10.15
+27 +14 +£16 £17 <15 +14 +£13 +£12 +£11 <12 +9 +9 +0.38
Group 2 259 326 328 321 314 322 284 303 272 265 281 284 10.24
+23 +16 +14 +16 +15 +14 +£14 +£17 £17 <15 + 14 +14 +£048
Group 3 250 319 322 314 307 315 276 294 262 259 273 277 9.86
+19 +£15 +£15 +£16 +16 +15 +14 +16 +£13 +14 + 13 +16 +£045
Group 4 251 309 316 304 295 306 271 291 257 255 269 270 9.74
+21 +16 +£17 +£20 £18 +17 +16 +16 +£19 <16 + 15 +15 +£0.55
Total 253 319 321 313 305 314 279 297 267 261 277 279 10.02
+23 +16 +16 +£18 +17 +16 +16 +16 +£17 <17 + 14 +15 +£0.51
ANOVA 0.95 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01 <0.01

SI = superior inner; NI = nasal inner; II = inferior inner; TI = temporal inner; SO = superior outer; NO = nasal outer; IO = inferior outer;
TO = temporal outer; TMV = total macular volume.

o] FAE 13%E 477k Z47 255.92 £ 26.72 um,
258.67 +23.38 um, 250.05 £ 18.79 um, 251.11 £ 21.38
umEz epgtew ul ok 7He] [-8J3t Ajol= Kol x| gFqtrh
(p=0.95). 3 mm] QHZ-ofA 9] Ht Ut F7A|(Average
inner macular thickness): 13 E] 427}A] Z+zF 313.30
+14.36 um, 322.29 +14.29 um, 315.17 £ 15.14 um,
306.28 + 16.68 um9] S RY 24 HY 2 1 o)A
i o] TR = sk S Holon, o 119 Ajol= &
AstA oz g5t Table 2). RS o] ula}
Y Y] o2 BRSNS Wi vl o BFolA HIS9] &
uE FAY g BASOm ol F 4, 55, 0l 4ol
o). 6 mmo] WEEloNe] W Ful Fr|(Average
outer macular thickness)= 158 4] & 7F71#] 281.99
+9.42 um, 280.93+13.97 um, 272.68 +13.24 um,
268.51 + 15.43 ym& Ueh} AapF oz 7hashs oFAS
Hojom 447k ot Zpo) 7k A ATH p<0.05) (Table 2).
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EEUS 45, 55, )%, 050 o AY Geow B
FRL T ] mROIA v1E2] Bk Tt b
AROD] o|F 4Z, o5, oI5 ol drk Table 2).
Aol weh ke TS B4 RS u) FAe)
Bt FAL B9 A9 259.10 £ 19.18 umgloni, o}y
) 79 249.76 £ 24.84 umgck. QM) Bt FAL
A 318.29 £ 15.82 pum, oJA 311.64 £15.39 um= =4
Hglov] FHUT HEU)H o] FAL o] whe
Frolgh 2ol o] F9lth(2 p<0.01, p=0.02). W
HPRELe] B AL Y 277.02£ 14.08 um, o}y

275.87 £15.34 um o AA| Ho FuE FAE= o o
Z¥7k 279.92 + 13.59 um, 278.20 + 14.38 um= &A=}
ok & S Rl ol A 10.08 £ 0.49 mm’, o Aei|A
9.96 + 0.52 mm’ gt} HPEZ AT} AA| Bt Tt T
2Ja & Fut Fale Aol wE GOt Holl it
(p=0.48, p=0.42, p=0.23) (Table 3).
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Table 3. Macular thickness (um) and volume (mm®) measurements using spectral domain optical coherence tomography in emme-

tropic eyes by gender in each age group (mean + SD)

Céntral SI NI I I A}'erage NO 0 TO Average Overall T™MV
circle inner outer  average
Male
Group 1 257 321 324 313 309 317 287 303 272 268 282 284 10.19
+22 +11 +15 +16 +15 +13 +13 +11 +12 +12 + 10 +10 +0.38
Group 2 264 330 331 326 326 326 282 302 271 266 281 285 10.27
+20 + 18 + 15 + 17 +17 +15 +16 +20 +17 +18 + 16 +15 +0.54
Group 3 256 322 326 318 309 318 276 296 263 261 274 277 10.00
+14 +13 +13 +14 +13 +13 +15 +14 +11 +12 +12 +11 +04l1
Group 4 261 306 319 306 296 307 268 290 258 257 268 270 9.76
+22 +16 +£22 +22 419 +19 +16 +17 +19 +17 + 16 +15 +0.56
Total 259 322 325 317 309 318 279 298 267 263 277 280 10.08
+ 19 + 16 + 16 + 18 + 16 +16 +16 +16 +16 +15 + 14 +14 +0.49
Female
Group 1 254 312 315 306 303 309 286 303 275 266 282 282 10.11
+32 416 +16 +19 +14 +15 +13 +14 +9 +14  +9 49 +038
Group 2 254 323 326 318 310 319 284 298 271 264 281 284 10.22
+25 +13 +£13 +14 +14 +£13 +13 +14 +16 +12  +13 +12 +044
Group 3 243 312 316 311 302 310 276 292 261 257 271 275 9.73
+ 18 + 15 + 14 + 15 + 17 +15 +12 +16 +19 +17 + 15 +15 4045
Group 4 245 311 315 302 295 305 272 285 254 251 268 270 9.67
+ 19 + 16 + 14 + 18 + 18 +15 +16 +16 +15 +14 + 14 +13 +0.55
Total 249 315 318 309 303 312 279 296 265 259 276 278 9.96
+25 + 16 + 15 + 18 + 16 +15 +15 +16 +18 +15 + 15 +14 +0.52
ga‘lgles) Female 01 <001 <001 <001 <001 <001 08 011 069 046 048 042 023

SI = superior inner; NI = nasal inner; II = inferior inner; TI
TO = temporal outer; TMV = total macular volume.
*Paired 7- test.
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Figure 2. Bar graph showing the changes in macular thickness
by age group and gender. In group 3, the average inner mac-
ular thickness in males was significantly larger than in females.
M = male; F = female. *Statistically significant with paired
t-test (p=0.05).

ARME 7H 7 AR tell A HAdTt of4d el Zpolzt 9)
LA ol A} SA499] FAE 37 (40594 T 4
(60—=80ADOlA FAda} oA de] Zpol7t FA ok (22t
13, 16 um) FAXOZ Folabxl ekoteH(p=0.057, 0.077).
O] Hat St FA= 3o A FAdT oAde] Aozt
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= temporal inner; SO = superior outer; NO = nasal outer; IO

= inferior outer;

71 Hlow EAAOCZ Lo AtH p=0.012) (Table 3,
Fig. 2). A 5 v|wA] A7} oJ1te] §-oJ8t zjo| & 2

¢

2 % e wrmae] B g T, WA B
70, % B Rl of| oA W, of kel fole A
olg % 4 gloirk(Fig. 2).

Aol F7Istel whehA St £ 2
DA HsFsh=A] doti7] fIsiA 4 oéﬂ%’%%_‘—*ﬂ A 83
%tk o] Ax ETDRS 97 9o & 419 &2
87K g oAl Aol F7istel uhel St =
7r2:8}9cH Table 4, Flg 3). & ut
ol wet f2fsiAl 2
$5 e Ay e TWHL
0.12—0.34 um/year® 7} 2 o
(decade)d 0.09 mm3‘/“ Aadtths Ae & = Al
(Table 4).
$1 oS ol AFIAENS
S 2499 3hit FA= Ao uet Frkske

l

Fl

ST o1

o} oJo] AoL o

Jo rr mlo 19

oL gTHgA: r=0.06, p>0.05, 014 r=—0.24,
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Table 4. Linear regression of macular thickness (um) and volume (mm”) with age in 162 eyes between 4 and 80 years of age

Area Loss per year R’ p-value
Central circle -0.12 um 0.01 0.16
SI -0.20 pm 0.07 0.001
NI -0.12 pm 0.03 0.04
I -0.13 pm 0.03 0.04
TI -0.22 pm 0.03 0.004
Average inner macula -0.17 pm 0.05 0.005
SO -0.31 pm 0.17 <0.001
NO -0.22 ym 0.08 <0.001
(0] -0.34 pm 0.18 <0.001
TO -0.26 pm 0.12 <0.001
Average outer macula -0.29 um 0.17 <0.001
Overall average macula -0.27 um 0.15 <0.001
Total macular volume -0.009 mm’ 0.15 <0.001

SI = superior inner; NI = nasal inner; II = inferior inner; TI = temporal inner; SO = superior outer; NO = nasal outer; IO = inferior outer;
TO = temporal outer.

Central circle Average inner macula
— 400 __ 400~
=) 5 \4
= & ° = &
8 300- " ° B 300 W
S 2001 $ £ 200- -
£ y = -0.12x +258.67 £ L 008 o 0.005)
£ R?=0.01 (p = 0.16) S : :
100 100
0 20 40 60 80 0 20 40 60 80
Age (yr) Age (yr)
Average Outer macula Overall macula
. 4007 __ 400
3 E
£ 207 Qb gt £ 30| et wiglgch e
5 Ladi 3 oo
% 2907 y = -0.20x +287.35 g 2007 v -8.%x(;2§%§1)
s R?= 0.17 (p<0.001) 8 =0.15 (p<0.
= 100 = 100
0 20 40 60 80 0 20 40 60 80
Age (yr) Age (yr)
— Total macular volume
E 157
=
% 13 7
£ 1] Gt perd s
‘—g 9 AR
& 7 y =-0.009x +10.36
g = 015 (p<0.001) Figure 3. Scatter plots and regression line of the macular
L 5
0 20 40 60 80 thickness (Central circle, Inner circle, Quter circle, Overall
macula) and total macular volume against age.
Age (yr)
p=0.056) (Table 5). SHUS AUt FAoAf o] 7t F SAAT7EE AA A" Skl e FaFol f 2 Aow
A 5 F B fuls G oA Rl AR STl Oﬂ”l:»l‘”l:}(Table 5). FHP=YSA|} St FAl= o
weh fofahA sk o ) WAtk ogexe QoA AT IS 3 5 YATHP>0.05)
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Table 5. Linear regression of macular thickness (um) and volume (mms) with age in male and female gender

Area Loss per year R’ p-value

Male Female Male Female Male Female

Central circle 0.06 -0.24 0.004 0.04 0.56 0.055

Average inner macula -0.14 -0.16 0.03 0.05 0.03 0.04

Average outer macula -0.25 -0.32 0.15 0.18 <0.001 <0.001

Overall average macula -0.23 -0.3 0.13 0.17 <0.001 <0.001

Total macular volume -0.007 -0.10 0.1 0.18 0.003 <0.001
il ) dls 2R A3 S419keE L mm AW A9 A€
Tk Gl Aol T7ietoll wheh B FA= Hasith
OCTE o] sl o] FEE wofstal FAE 574 © 23S HEsigih A0t 1 mm AW A9e 2
ot 2 A v s A, Sy e d Aol e Sl sigshe tor LS ALt o
A Haf ek 5o b AgholA] ofA HA 3l HARE WA GofA gl F7tol uhE it FAL FAaE B
Huek 53] S FA= AlET AHAQ] A BAE A ofE AAES] Aufe &kt =S 2 Aol A ARERE SD
710 it Aete] FuE wdstal S5k o Fash 9 OCT¢} 5 71%<l Cirrus HD-OCTE §sto] 2h=<19]
A2k & 4= IR olof Ak 7Hxl At A ¢1E 2k T A AAHHAE AuE Aol S
I Agdof whet ABAl Ve AYths A sat o = A|&JRt F5A o] Fat Bt FA|, v o] Hat et
ofgt & 4 Utk A, DA Hat B A, F 2 Ru)rE Aol Sk
B oaTeld AT B FAS vwe An FUUS 48 gadiths AnE Bkl A5l A7 Al
Aolet mE QelolAl Aol Fvhol wek FAVL fo  FASKIE” g Uetel A Zue} gel WY el
A ek B 4 Atk olgf iRl B FuF R E oMo Aol whE g £ AT Fik= TD OCTLH SD
A0 Sl et GATE o £ Yom ol BT OCT B FUT AhE MefFol $35 53] U Hol

we} fofsl gt A Aol Axg. oo}
o & Gobel et al' ‘; Zou et al""& 91 o] =79} uto]
A= W} ¢l Br31g] o1, Eriksson and Alam'
2 A 7 eu% Hol(foveal minimum area)E A<
Stk FALE EZFRE FHE YR BE AP F
7kl whel fagithe A 23S WaEst v ik shA|vk
Gobel et al'”& Humphrey 228 o] &3itt= A3} Zou et
al"= Qo] Hx7k 20djo A 502 YA egkehs A
o] aHA|= 243t 4= 9t} Eriksson and Alam''e] o1
of s Hr dAgdto] 124|004 7TANZMA 2 YWtk
Aol & Aok GAIE thle] 679k B gror]
TR =S A ) W97l 6T S E 2 BwA Wol HAt
o] ofd HAF tFAR7} 29kE o] Qlof it TS Ao
2 ke wjAE & ot 2A7} 9ok w3 3 XA 1
mm o] FHHUY] Bt FAY} AFHe] A=
p=0.04= 574];‘4 S 2= ol oy ok S FelHoh
dhHom & p—value— Hoj Jpo] &2 Mo upet
A7t W 4 Qltks AS 58 & 4 Qlok =4l
Ao Aol g i FAE Hlwgt Aot B3 HilE o]
916 Kang et al*’-2 OCT ITI (OCT model 3000, Zeiss—
Humphrey, Dublin, CA, USA)E o]&3}to] 112919 AHAF

=
A7}k B asiAck

SHY vEE 290 FAE Aol SRt weEk 3
A5= AL g}oﬂ w2 A Az LAk ek AlA
Aol e mEoleka 7pge 4= glck” ke F4le
= EeRt S B9 dgo] Skl wet frastA]
e olfre TS H97E o E S RojET A B2
ol HEAZ7E BE 245 EA, A" STl wet
Hashs Fo A ARl SHet Folole 93 v
A A o= A, WAl AR o] F7toll whet T AW
A AR AT, Fe8ATe SR QIR 7 daE
AHAIA & 5 Advhe 5= & 9 Tk E IR 7R
< Ao $a3t qTs JYdte SAE 2] 9

A HAPH o= S Sty gFobxith= A (Centripetal
force)o|ck.*
ol wE %
A, A9 471 Q et Jﬂ& R FA=
FroletAl B FAH SHANE uEE o] 470 Gt Hat
SEFA, A Bt FRE FA|, T 2 Fals A w
£ 8953t 2pol7} et o] Stratus OCT (Carl Zeiss
Meditec, Inc.) ©]-&3to] Hzte] &ut FAE vl
Huynh et al”®¢] Ax}o} 225k} SD OCTE SHatH 2.2
< W3t Kang et al”®o] Shn g20] Aol oj4®
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OPQE 3 A& 744 Ado 91% Zolet #=Hoh
SD OCT= Ak 7h2l 2 A<t el 4 =
Aol AR A b T AE 2ot M 2
o 3 4stol Tt S 40t o] oA e
t}

W EYR EA e ol S S ol
AAIE oo B9 FHUNA A2l Flel upE
A9 B ASE RS W FAFHOR ege ¢l

RARHp=0.06), FALe] 9t FA(um)=—0.24x1}o]
(age)+259.419} -2 FAlo] Lo} Afgo] I71e5 5
qgle] Bt gashs AAE welth shAut G el 4
Qo= =41 M T (um)=0.06x1}0](age) +256.94
(p>0.05)2h= &9 39 A& 2= 2SR Yt 2o
7F QISItE. o]of e = AHoflA] U= HAA QL Ato]
= AWA o= 40Th Vo“’ﬂ*i 7?” FEgA=dl o= 40

o o]4e] oiollA] AT EERI AERT] Tasly]
o Zolekal A7t 4= Qi 04*&1—4 735 =3k S Ui
H|A|o] W3le} Zho] pHbEm o] F o AERZIS] At
W EA e Sk W & Ueue £x
80| 729} 7+ FALL HIR o] o AEZ A0 7HA
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=ABSTRACT=

Macular Thickness Changes with Age and Gender in Emmetropia Using
Spectral Domain Optical Coherence Tomography

Seung Hoon Kim, MD, Kyung Seek Choi, MD, PhD, Sung Jin Lee, MD, PhD

Department of Ophthalmology, College of Medicine, Soonchunhyang University, Seoul, Korea

Purpose: To evaluate the changes in macular thickness with regard to age and gender in normal subjects with emmetropia
using spectral domain optical coherence tomography.

Methods: The present study consisted of 90 healthy subjects (162 eyes) with no ophthalmic evidence of retinopathy and
who had emmetropic eyes. The data from macular measurements using spectral domain optical coherence tomography
was analyzed according to the groups divided by age (Group 1: 0 to 19 years of age, Group 2: 20 to 39 years of age, Group
3: 40 to 59 years of age, Group 4: 60 to 80 years of age) and gender.

Results: Macular thickness of the central circle was 253.40 + 23.03 um in all subjects. There was no significant change
with age (p > 0.05). However, the measurements at the inner (3 mm) and outer circle (6 mm) showed a reduction of mac-
ular thickness with age (p < 0.05). The macular thickness at the central and inner circle was significantly lower in the female
subjects (p < 0.05). In group 3 and 4, macular thickness at the central circle in males was greater than in females. In group
3, the average inner macular thickness in males was significantly greater than in females (p < 0.05).

Conclusions: In normal subjects with emmetropia, there are statistically significant differences in macular thickness be-
tween subjects of different age and gender. The results from the present study can be expected to provide a reference val-
ue for evaluating macular disease.

J Korean Ophthalmol Soc 2011;52(3):299-307

Key Words: Age, Emmetropia, Gender, Macular thickness, Spectral domain optical coherence tomography
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