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[ Abstract] Objective To understand the changing trend and influencing factors of lens power (LP) in
children aged 3-12 in Jing’an District, Shanghai. Methods A cross-sectional study was conducted. One hundred
and thirty-one eyes of 131 patients with refractive errors were included in the Optometry Clinic of Shanghai Eye

Hospital from October 2019 to January 2020. The 1% atropine sulfate was employed to dilate pupils for children aged
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6 years or younger,and 0. 5% topiramate for children older than 6 years. The axial length, mean keratometry ( Km) ,
anterior chamber depth ( ACD) ,lens thickness (LT) and central corneal thickness ( CCT) were measured using an
IOL Master. The spherical equivalent (SE) and best corrected visual acuity (BCVA) were measured after cycloplegia
using autorefractor and phoropter,and the LP was calculated using the Bennett formula. The patients were divided into
different age groups,including 3—4 years group (16 eyes) ,5-6 years group (20 eyes) ,7-8 years group (25 eyes) ,
9-10 years group (33 eyes) and 11-12 years group (37 eyes). There were 57 eyes in the male group and 74 eyes in
the female group. The patients were also divided into different refractive groups, including mild myopia group (38
eyes) ,moderate myopia group (12 eyes) ,high myopia group (25 eyes) ,emmetropia group (11 eyes) ,mild hyperopia
group (9 eyes) ,moderate hyperopia group (13 eyes) ,and high hyperopia group (23 eyes). The differences in ocular
biological parameter measurements between different age groups, different gender groups and different refractive groups
were compared and the correlations between age, eye parameters and LP were analyzed using Pearson correlation
analysis. The contribution of multiple influencing factors to LP was analyzed by multiple linear regression models. The
study protocol followed the Declaration of Helsinki and was approved by an Ethics Committee of Shanghai General
Hospital , Shanghai Jiao Tong University Hospital (No. 2020KYO018) . Written informed consent was obtained from each
guardian of the subject. Results The average LP of children in the 3-4 years group,5-6 years group,7-8 years
group,9-10 years group and 11-12 years group were (27.35+1.88),(24.71+£1.92),(22.92+1.87),(21.49+
1.54) and (21.25+1.55) D, respectively. With the increase of age,the LP value was decreased gradually. There
were significant differences between 3-4 years group and 5—6 years group,5-6 years group and 7—8 years group,7-8
years group and 9—10 years group (all at P<0.05). The average LP value of girls was obviously higher than that of
boys (1=-3.38,P<0.01). The LP value of the high myopia group was significantly lower than that of the emmetropia
group,and the LP values of the moderate myopia and the low myopia group were significantly lower than that of the
hyperopia group,and the LP values of the low hyperopia group and the moderate hyperopia group were significantly
higher than that of the emmetropia group (all at P<0.05). The LP value was negatively correlated with age, AL,ACD
and CCT (r=-0.76,-0.79,-0.38,-0. 18;all at P<0.05) ,and was positively correlated with SE and LT (r=0. 62,
P<0.05;r=0.68,P<0.01). There was no obvious correlation between Km and LP (r=0.07,P =0.45). The
independent influencing factors of LP were analyzed through multiple linear regression equations, showing that LP =
—-0.430x AL +0.329 x LT - 0. 267 x age — 0. 108 x gender — 0. 084 x CCT ( male = 1, female = 0). The standardized
coefficients of each factor arranged in descending order were AL, LT, age, gender and CCT (all at P<0.05).
Conclusions The LP of children aged 3-12 in Jing“an District of Shanghai decreases with age and increases with
SE. LP values of girls are higher than those of boys.
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Table 1 Comparison of ocular parameters among different refractive groups

131 K SE ( mean+ AL( meanz+ Km ( meaflt CCT( mean+ ACD(meanx LT(meanx LP ( mean+ BCVA ,
SD,D)* SD,mm)* SD,D)* SD, um)* SD,mm)*  SD,mm)* SD,D)* [M(Q,,Q5)]"

LA 75  -3.53+2.44 24.98x1.17 43.39x1.45 550.37+30.19 3.54+0.35 3.35+0.15 21.40+1.49 0.000 0(0.000 0,0.000 0)

IE AL 4L 11 0.44+0.47 23.35+0.87 42.52+0.94 546.91+33.46 3.49+0.33  3.42+0.21 23.49+2.68 0.000 0(0.000 0,0.000 0)

EARAL 45 5.06+2.17 21.18+0.89 43.14+1.47 543.07+38.88  3.32+0.29 3.56+0.28 25.27+2.41 0.096 0(0.000 0,0.188 4)

F/H {8 48.33 1.93 0. 66 6.11 13.37 55.52 205. 08 38. 65

P{H <0.01 0.15 0.52 <0.01 <0.01 <0.01 <0.01 <0.01

T (a: B FE J7 2250 75 b: Kruskal-Wallis H Ky 3% ) SE: SRR B8 ; AL: ARG BE ; K 534 £ JB i 2% ; COT . v e R 2 5 ACDY : i b5 IR B
LT gR AL BE  LP - @R 6 71 s BCVA : SR (E L )
Note: (a:One-way ANOVA ;b:Kruskal-Wallis H test)

ACD : anterior chamber depth; LT ;lens thickness;LP ;lens power; BCVA ;best corrected visual acuity

SE : spherical equivalent; AL: axial length; Km: mean keratometry; CCT; central corneal thickness;
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Figure 1 Comparison of LP among different age groups and correlation analysis between age and
LP A:Comparison of LP among different age groups F=46.93,P<0.01. Compared with the 3-4 years
group , * P<0. 05 ; compared with the 5-6 years group,”P<0. 05 ; compared with the 7-8 years group,‘P<
0. 05 (One-way ANOVA  Student-Newman-Keuls test;3-4 years group,n=16;5-6 years group,n=20;7-
8 years group,n =25;9-10 years group,n =33;11-12 years group,n=37) B: Correlation analysis
between age and LP  Age was negatively correlated with LP,r=-0.76, P<0.01 ( Pearson correlation

analysis,n=131) LP:lens power
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Table 2 Comparison of ocular biological parameters between different gender groups

T B SE ( mear}t AL( mean= Km ( mean}t CCT( meanx ACD( mean+ LT( mean% LP (meant BCVA i
SD,D)* SD,mm)* SD, mm)* SD,pm)* SD,mm)* SD,mm)* SD,D)* [M(Q,,05)]

LR 57 -0.95+4.24 24.1321.95 42.88+1.32 550.49+29.78 3.52+0.33 3.4020. 18 22.04+2.31 0.000(0.000,0.000)

g 74 0.30x4.79 23.08+2.03 43.50£1.47 545.32+36.29 3.4120. 34 3.4620.26 23.57£2.73 0.000(0.000,0.097)

t/7 g -1.59 3.00 -2.48 0. 87 1.92 -1.57 -3.38 1. 166

P 1 0.12 <0.01 0.01 0.39 0.06 0.12 <0.01 0.132

G (a: MSLHEA ¢ K255 ;b Kolmogorov-Smimov Z 5 5)  SE: SR AR BEEE s AL IRl J5E 5 K o P 34 A7 I il 5 5 CCT 2 o e A7y I JEE 88 5 ACD -« i 5 R 5
LT SR ARG B LP SRR 60 s BOVA : B 57 E AL )
Note: (a:Independent samples- test; b ; Kolmogorov-Smirnov Z test )  SE:spherical equivalent; AL axial length ; Km : mean keratometry ; CCT; central corneal

thickness; ACD ; anterior chamber depth; LT :lens thickness;LP :lens power; BCVA :best corrected visual acuity
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Figure 4 Correlation analysis between different ocular biological

Figure 2 Comparison of LP values among different refractive
groups F =22.61,P<0.01. Compared with the emmetropia group,
*P<0.05; compared with the mild hyperopia group,”P < 0.05;
compared with the moderate hyperopia group,“P<0. 05; compared with
the high hyperopia gmup,dl’ < 0.05 ( One-way ANOVA, Student-

Newman-Keuls test; high myopia group,n=25;moderate myopia group, parameters and LP ( Pearson correlation analysis,n=131) A:LT was

n=12; mild myopia group, n = 38; emmetropia group, n = 11; mild positively correlated with LP (r=0.68,P<0.01) B-D:AL,ACD,CCT
hyperopia group,n=9;moderate hyperopia group,n=13;high hyperopia were all negatively correlated with LP (r=-0.79,-0.38,-0. 18;all at
group,n =23)  LP:lens power Figure 3  Correlation analysis P<0.05) E:There was no obvious linear correlation between Km and
between SE and LP SE was positively correlated with LP,r=0. 62, LP (r=0.07,P=0.45) LP:.lens power;LT:lens thickness; AL: axial
P <0.05 ( Pearson correlation analysis, n = 131)  LP: lens power; length; ACD; anterior chamber depth; CCT: central corneal thickness;

SE : spherical equivalent Km :mean keratometry
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Figure 5 Distribution of LP standardized predicted values with
LP measured values in multiple linear regression equations The
multiple linear regression equation of LP was LP = —0.430 x AL +
0.329%XLT - 0. 267 X age — 0. 108 X gender — 0. 084 X CCT ( male = 1,
female=0) , and the R? after equation adjustment was 0.804 LP.

lens power
3 ifie

Al R BT S N R 4T 4855 P TE N — A AR K
RE MBS R PR kA, FBLP AWK
AR ARBRFEAMT T BT R IX 3~ 12 4 L
LP FEAS [ 48 % M ) 11 D't B2 41 18] /) 22 53, OF 1 Ikl
TG IR LP s B E A
Bennett-Rabbetts /A 20 4R T 12 2 1 & F ML
JUER LP (HZ W5 h iy B LP ARifE 22k 5. 13 D, 45
RAGELE . A WFHFTIED], Bennett-Rabbetts 23 3 1155
R LP E /N Tl Ak H SRR LP A,
Bennett 7y, 5 fl 22 2 19 A 5 £ 58 T Bennett-Rabbetts
AR o AN, X RGO R R 25 18 = 3 AR
Rl — AR KA . ASBESE 58 G R4 ST T
LP 7 8 B2 A0 )L 2 v iy A8 AL R

Rifi %5 AF 0% B 34, JLEE Y AL B0 4, A IR O
71 \LP 3B T R 3ok 26 PR 00 AR B A 0 DR S
Fh JE A 1) E R A e AR B AR . — Ak, L

3 % I B O B TR E L AL FE K R 19 35 WAL
FaR R H LP TR AR R, 10 %
L E Y LP B %5 4F 038 K W 2 F %, %2 10 % )5 LP
(19 W U %, 5 Zadnik 25 R E 45 R — 5, LP
f9 75 Ak T AP ODR K B2 R £ 4 45K 5 ROIR R R 4
() £%) ~F- 185 R A% R, 10 55 i AR AR A% 09 . 4 K T B Tl 2F
2 (35K LT A LP g/, bR A R 55 4% 14 78 A i 31
S LT RS 510 % J5 bR A % 1 T 4 3 i AR T iz
JR LT 4 f) 3 K B, LT A0 LP T fe g R Ag gt LT
(/N8 bR A 3 T ol R S ECLP R b
B, PR Bz T3 2T 4 45 (0 bR 19 i D't 1 BB i AR
BEUK, S8 LP TR x st LT JF46 3 K5 LP
OkLE R e ry EBEE Y,

BEAEBF S I, 2 B LP () Sy S i I 2%, R )
PERLEE M LP fEfE 2 50 0 R R B, 5 5 4k
JUBEMI b, e L7 LP B, AL B/, #f i O g
BT LT 76 A R 0 1] 6 B 2% L $R R FR AT LP By
PG 22 5 5 LT 56, ARBFSEE & B, L #0106 %
ARG Ao LB LP R R B L M L O,
LP ()4 5122 S @i/, 10 % 5 L3 LP (4 3 25 15
5 He 25 R AR LP B 2E B 22 BE 24

B A BF S8 45 SR R W, A 0L B B LP A5, 9L
Y LP W FEMILE Y ARt xR
Bk 45 R AR RS R AL LP
P B S S T T T L ST BRI, IR
PR AL 8K LP R RRREFR /OB AL po3 i, i
WL AT LP B A T R W, T W A S B AL 3
Kihnde, LP ) F B R m™ . AW s 38
TR R LP A A R ML

AHIE ST A B LA b R R R G AR 2 Y
3y LP K T IE AL, 7 5 IRl 4 4 b LP B i 1 4%
Wo EAEASTE R B0 L, O 4 1o B 2 LP 5%
TEARLH | o TP ZE AR L B T S B R R, R
% SE L Ft+ AL J/N, {2 LP TR, X5 b A AR,
AT A X ATRES LP A iy £t g 6. RAS L
B LP W R RERN R TGRS AL 3G A& AR 5w
PG AHAAE N LP [ F 53 45 9 36 W3 ¥ 41 1 °F 2
LP /NFIE P, 3 A 4F 10t B0 9 IR 22 il LP g
A& TRSE . ABFFHMEN, L3 5 I m PR LP
(9 F R C 2R 2t AL [ 8k sl A B, T — Fh 3 3h ik
A5 R T G O ZH L R 1A T S, ACD o A R AR
Ve, IRATH IR S 028 (L e 9 B 1 @ B T LP T K B I
DRI, {HL TG 32 W A 3 o 2 A 2 A fif % 2 19 7 B AT A
1] A5 BF 5, W i 57 A MR of LP g% 725 4k D 1) B ok



- 556 - pAESI IR B 2 AR

2021 4E 6 H%5 39 %55 6 ]  Chin ] Exp Ophthalmol, June 2021, Vol. 39, No. 6

A, LARE— 25 BB 3 5 R R S

FEXT LP 5200 P2 (9 70 M o & B, AL X LP 952
) B K, S BRAE R 4 SR — B A S 5 v D
FR L AE LT AR PR3 CCT, Sl IR ATE 25 1 i A2
25 JE G I A2 A, LT A2 1 3% 17 il R AR e Dt
J1R R — o B R AR AE AR BF 5T R 9 O AR i B, 12
% 2 Je b A il R AR B TS O ) R R R AR
P R DR A 2 BRJEE DG 3R G Y T 41 S
O H A A R H AT R I . ARSI EE R R
CCT 5 LP 2 HAHK, % & CCT 5 ACD (1 k4% J5 ] —
B AWEFE N AT B A T R O v 1 gk —
A BTSN LA

AW FAFAE— E W BRYE - ¥ 58, th T AT i
W TaT BIF S, TGk B LA I 308 1 i A AR R S i
e LP 1y 3h 524k, CRE i A [A) 45 i | i Ol I o 4
F1% 2HL 1] 22 5 [ 4 HE W7 LP A9 A AL R s Lok, 2 LP 4
8] 22 53 0 1 D i, 2B 80 X Fh 22 55 e 5 A it 0
Mits BRARAE =23 0, TASTETHKZ, F
BURR AU REA i /), 3R o AR A B <23 A1), (A e T 2%
J1 R K, Al RE S BGR B BAPESE R W I B SR K A
(O KUB: , 7 29 R A T — P W 5T

L8 LIk , AT R AT Bennett 2204 1 L g T
WX 3~12 % JLE LP AR RUAL , 25 21 T BLRE AF %
W LP BT B R B R AE 9 % 2 2 I 2%
Ltk JLE LP fEAAF R Beh ¥t P L v s B SE
3, LP AWy B B A m Em A R Ak A TR
W, LI R AT 1 2k — 2 BE 5
RIS B 1 & 3 A 7E AR T i o 5

%k

[1] Zadnik K, Mutti DO, Mitchell GL, et al. Normal eye growth in
emmetropic schoolchildren [ J ]. Optom Vis Sci, 2004, 81 (11 ) :
819-828. DOI:10. 1097/01. opx. 0000145028. 53923. 67.

[2] Jones LA, Mitchell GL, Mutti DO, et al. Comparison of ocular
component growth curves among refractive error groups in children[ J].
Invest Ophthalmol Vis Sci,2005,46(7) :2317-2327. DOI.10. 1167/
iovs. 04-0945.

[3] Iribarren R, Morgan IG, Chan YH, et al. Changes in lens power in
Singapore Chinese children during refractive development[ J]. Invest
Ophthalmol Vis Sci, 2012,53(9) : 5124-5130. DOI. 10. 1167/iovs.
12-9637.

[4] Iribarren R, Morgan IG, Nangia V, et al. Crystalline lens power and
refractive error [ J ]. Invest Ophthalmol Vis Sci, 2012, 53 (2) :
543-550. DOI:10. 1167/iovs. 11-8523.

[5] Mutti DO, Mitchell GL, Sinnott LT, et al. Corneal and crystalline lens

dimensions before and after myopia onset[ J ]. Optom Vis Sci, 2012,
89(3) :251-262. DOI;10. 1097/0PX. 0b013e3182418213.

[6] Villarreal GM, Ohlsson J, Cavazos H et al. Prevalence of myopia among
12— to 13-year-old schoolchildren in northern Mexico[ J]. Optom Vis
Sci,2003,80(5) : 369 -373. DOI: 10. 1097/00006324-200305000-
00011.

[7] Villarreal MG, Ohlsson J, Abrahamsson M, et al. Myopisation: the
refractive tendency in teenagers. Prevalence of myopia among young
teenagers in Sweden [ J ]. Acta Ophthalmol Scand, 2000, 78 (2) :
177-181. DOT: 10. 1034/j. 1600-0420. 2000. 078002177. x.

(8] EFH, BV, B4Ry 3~12 % JLEIRAN B L SR 7R JE 6 0 5 T8

JERIER SRR [T]. AR IR 2 5 W58 B} 4% ¢ 3K, 2020,22(3) -
191-197. DOI:10. 3760/ cma. j. cn115909-20190716-00197.
Wang Y, Zhao RL, Pi LH. Relationship between axial length, lens
power, and refractive error in children aged 3-12 years [ J]. Chin J
Optom Ophthalmol Vis Seci, 2020,22(3) : 191-197. DOI; 10. 3760/
cma. j. ¢n115909-20190716-00197.

[9] Rozema JJ, Atchison DA, Tassignon MJ. Comparing methods to estimate
the human lens power[ J]. Invest Ophthalmol Vis Sci,2011,52(11) :
7937-7942. DOI:10. 1167/iovs. 11-7899.

[10]Mutti DO, Sinnott LT, Lynn Mitchell G, et al. Ocular component
development during infancy and early childhood [ J]. Optom Vis Sci,
2018,95(11) :976-985. DOI; 10. 1097/0PX. 0000000000001296.

[11]Mutti DO, Zadnik K, Fusaro RE, et al. Optical and structural
development of the crystalline lens in childhood[ J]. Invest Ophthalmol
Vis Sei, 1998,39(1) :120-133.

[ 12]Iribarren R. Crystalline lens and refractive development[ J]. Prog Retin
Eye Res,2015,47 : 86— 106. DOI; 10. 1016/j. preteyeres. 2015. 02.
002.

[ 13] Augusteyn RC, Jones CE, Pope JM. Age-related development of a
refractive index plateau in the human lens: evidence for a distinct
nucleus[ J]. Clin Exp Optom,2008,91(3) :296-301. DOI. 10. 1111/
j- 1444-0938.2007. 00244. x.

[ 14]Hashemi H, Pakzad R, Iribarren R, et al. Lens power in Iranian
schoolchildren ; a population-based study[ J]. Br J Ophthalmol, 2018,
102(6) :779-783. DOI:10. 1136/bjophthalmol-2017-310565.

[15]He J,Lu L,He X, et al. The relationship between crystalline lens power
and refractive error in older Chinese adults: the Shanghai Eye Study
[J/OL]. PLoS One,2017,12(1) : 0170030 2020-01-12]. http://
www. ncbi. nlm. nih. gov/pubmed/28114313. DOI. 10. 1371/journal.
pone. 0170030.

L16 ] 241 AT , 3k = [, &5 . MR b < B2 0 T 20 W 350300 465 284 % L 2 il

AR T LR A R AR WE ST [T ). AR SR IR B A0 5K 2019,
37(4) :269-273. DOI; 10. 3760/cma. j. issn. 2095-0160. 2019. 04.
006.
Li SM, Ren MY, Zhang SG, et al. Effectiveness of myopia prediction
model in screening children and teenager myopia [ J]. Chin J Exp
Ophthalmol ,2019,37(4) :269-273. DOI;10. 3760/ cma. j. issn. 2095-
0160.2019. 04. 006.

[17]Xiang F, He M, Morgan IG. Annual changes in refractive errors and
ocular components before and after the onset of myopia in Chinese
children[ J]. Ophthalmology, 2012, 119 (7) : 1478 - 1484. DOI. 10.
1016/j. ophtha. 2012.01. 017.

[ 18]Brown N. The change in lens curvature with age[ J]. Exp Eye Res,
1974,19(2) : 175-183. DOI.:10. 1016/0014-4835(74)90034-7.

(Ui B 397 :2020-08-14 & [l [ 19 :2021-04-29)
(ARG X H e is)





