ONTOMETPUA

O4yKoebie AUH3bI C UHKOPNOPUPOBAHHbIMU
0egOoKyCHbIMU ceameHmamu 3ameonarom
npozpeccuposaHue muonuu: ogyxsemHee
POAHOOMU3UPOBAHHOE KAUHUYeCcKoe
uccaneooeaHue

Hannas nybnuxayus npooomicaem memy «Konmponv
MUONUU», HAYAMYI0 8 NYOIUKYEMOM Bblude 2100aIbHOM
0030pe apPexmusHOCMU NPUMEHTEMBIX Ce200HST MEMOOUK
mopmodceHus: npozpeccuposanus muonuu. Cneyuanucmo
ToHKOHECK020 NOMUMEXHUUECKO20 YHUBEPCUMEMA U KOM-
nanuu Hoya nposenu kaunu4eckoe uccnedo8aiie HOBbiX
OUKOBBIX JIUH3, OU3ATIH KOMOPbIX CNEUUANbHO paspadoman
¢ yenmvio KOHmposns muonuy y demeil. IIpednazaem nHawum
YUMamesnsm nO3HAKOMUMDBCS C OCHOBHLIMU Pe3yTbMamamu

B Hacrosmee BpeMs /I TOPMOXEHIS IIPOTPeccUpoBa-
HYISI MMOIIUY IIPYMEHAIOT HECKO/IBKO K/IMHIYECKNX METO-
muk. CpaBHeHMe 9 PeKTUBHOCTU Pa3/IMIHBIX METOVK O~
KasbIBaeT, YTO (papMaKOIOIn4ecKoe Ie9eHre CPaBHUTEIBHO
6onee 3¢ pexkTNBHO, YeM ONTHYECKNE METOMIBI C UCIIOJIb-
30BaHMeM KOHTAaKTHBIX JIMH3 WIN OYKOB. [J1asHble Karm
C BBICOKMMU J03amMy arpornHa (1%) oueHb apdekTUBHBDI,
HO CBsI3aHHbIE C HUMI 0604YHbIe 3¢ PeKTsI (CBETOOOSA3HD,
HEeYeTKOCTb 3peHN:A) IJIOXO IePeHOCATCA MHOIVIMY ITally-
enramn. boree Huskue go3bl arpormHa (0,01% -0,1%) pator
6/IM3Kye pe3y/IbTaThl C MEHbIIMMY TO60YHBIMY ¢ deKTa-
MU. B npeane BMeIIaTeIbCTBO C Iie/IbI0 KOHTPO/LA MUOIIN
TO/DKHO OBITH MUHMMAaAbHO MHBA3WBHBIM, ITO [je/IaeT
OYKOBbIE JINH3BI V[Jea/IbHbIM a/IbTepPHATUBHBIM BaPUaHTOM.

VccnenoBanms Ha XMBOTHBIX NPEFOCTABUIN YOe[u-
Te/IbHBIE TJOKa3aTe/lIbCTBA TOT0, YTO MUOIITIECKII TeOKyC
(M]T) nurnbéupyer poct r1a3a, TOrfia KaK FUIepMeTpOoInnde-
cknit fehoKyc crmocobCTByeT pocTy rasa. VccmenoBanms
C MCIIOIb30BaHMeM LBIIUIAT, MOPCKVUX CBIMHOK, MapThILIEK
U pe3yc-MaKaK IIOKa3aly, YTO POCT MMOINMYECKNX IJIa3
MOXeT OBbITb 3aMeJJIeH MM OOpaTUM IIyTeM CO3JaHMUs
M]I ¢ momomipio 61¢OKATBHBIX WM MYIBTU(OKATBHBIX
muH3. [leiictBuTenbHO, M]I, BEpOATHO, ABJIAETCS K/II0YE€BbIM
MeXaHM3MOM, JIeXKAIVM B OCHOBE TaKMX COBPEMEHHBIX
cTpaTeruii 60pbOBI ¢ MUONMEN, KaK OPTOKEPATONIOTUA U
MynbTU(OKATbHBIE MATKIE KOHTAKTHbIE JIMH3DL

Heckonbko sieT Hazaj aBTOPBI CTATbU Pa3paboTamy s
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ux aeyXﬂemHezo ucczzeboear—tuﬂ, Ceuaemeﬂbcmsymmumu o
8bICOKOTI dPexmUBHOCIU HOBbIX TUH3 (N0 3amedneHuUto
YOnUHeHUS ocu 2na3a ddpexm 2-x nemmezo Howerust DIMS
cpasHum ¢ deiicmeuem 1% amponuna, xoms no pedpaxyuu
appexm 6ce e cnabee 3axanvisanus 1% amponuna umu
Howernus OK-nun3).

(Opueunan - Defocus Incorporated Multiple Segments (DIMS) spectacle
lenses slow myopia progression: a 2-year randomised clinical trial. Lam CSY,
et al. Br ] Ophthalmol 2019;0:1-6. doi:10.1136/bjophthalmol-2018-313739)

KOHTPOJISI MUOIINY MSTKYI0 61(OKaTbHYI0 KOHTAKTHYIO
JMH3Y ¢ KoHLeHTpudyeckumy 3oHamu Defocus Incorporated
Soft Contact (DISC), xotopast cosgaetr M]] Kak B 1eHTpe
CeTYaTKy, Tak U Ha ee nepudepnnu /Lam CSY, Tang WC,
Tse DY-Y, et al. Br ] Ophthalmol 2014;98:40-5/. Knuunde-
CKOe€ JICCIeOBaHMe IM0Kasano, 4To HomeHne nuas DISC
3HAYMTETbHO 3aMe/INIO0 IPOrPecCHpOBaHNe MUOINN Y
LIKO/IbHMKOB — Ha 25% 3a 2 rofa 10 CpaBHEHUIO C TeMH,
KTO HOCUI 0fHO(QOKa/IpHble KOHTaKTHbIe MMH3BI (SV) n
Ha 60% B oArpyIIIe AeTell, KoTopble Hocym nuH3bl DISC
6oree 8 yacoB B fieHb. HecKombKo j1eT Hasaf st KOHTPOJIs
MJOIIMM Ha OCHOBe MeXaHusMa M]I aBTOpbI Iy6nmKanm
paspaboTany OYKOBbIE JTMH3BI C MHKOPIIOPUPOBAHHBIMU
nedokycusmu cermenramu (Defocus Incorporated Multiple
Segments, DIMS). JInnza DIMS uHZynmpyeT TOT 5Ke OITH-
YeCKMit CTUMYII, YTO ¥ KoHTaKTHasA mH3a DISC, uckmovas
HEOCTATKI, CBOMICTBEHHbIE HOIIIEHNIO KOHTAKTHBIX JIMH3.
B maHHOM ¥ICCTIEOBAaHMY M3y4aach CIOCOOHOCTb OYKO-
BbIX /H3 DIMS TOpMO3UTH ITporpeccupoBaHye MUOINA
y IIKOTTbHMKOB.

Matepuanb! n metogpbl

[u3aitH uccnepoBanmna

IIpocnekTMBHOE paHOOMU3MPOBAHHOE C [JBOMHBIM Ma-
CKYIPOBaHMeM UCCIefoBaHNe ObUIO IPOBENEHO B IEPUOJ
MexJy aBryctom 2014 r. n uronem 2017 1. Y4acTHUKM MC-
CTIefOBaHsI OBUIN CTyYaltHBIM 06Pa3oM pacIpeieieHbl 110
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ONMTOMETPUA

IBYM IPYIIIIaM: I HOLIeHUA 09KOBbIX uH3 DIMS (rpyn-
IIa JIe4eHMs) U [JIA HOIICHUA OXHO(OKATbHBIX OYKOBBIX
7nH3 (KOHTponbHad rpymmna). Chepudecknii 9KBUBaIeHT
pedpaxiuu riaasa (SER) n oceBas jmHa rnasa (AL) us-
MepAINCh B Havdasle MICCIEJOBAHNA U KaXK/Ible 6 MeCALeB B
tevyeHne 2 neT. Vismenennsa SER n AL cpaBHMBanmch MEeXHy
ABYMsI TPYIIIaMU B T€YeHNe epuoya nccnefosanms. Coop
TAHHBIX U KOHTPOJIbHAS IIPOBEpPKa 3PEeHNUsA IPOBOIVINCDH
B llenTpe mccnenoBanuii Myonuy npyu ToHKOHICKOM IIO-
TUTEXHUYECKOM YHUBepcuTeTe. IIncbMenHOe cornmacme u
MHPOPMIUPOBAHHOE COIIacue ObIIN MOTy4YeHBI OT AeTell U
VX POIUTENN [I0 Hadasla y4acTHA B MCCIEOBaHUMN.

boito oTo6pano 183 KuTalicKUX MIKOJIBHMKA; BO3PACT
8-13 net; SER ot -1,00 mo —5,00 D; acTurmMaTisM u aHU30-
MeTponus 1,50 D nau MeHblIe; Hanydiias MOHOKY/IApHAA
ocrpora 3peHnsa ¢ koppekuueir (VA) 0,00 logMAR (1,0)
VM Tydine. bputo momy4yeHo TakxKe cornacue Ha ClaydaiiHoe
pacmpefieieHie B IPYIIbl ¥ HA MAaCKUPOBAHHbIN N1M3a1H
VICCNIENOBAHNA. Bl MCKII0YEHbI 13 UCCIENOBAHNA IEeTU
C KOCOITIa3MeM 1 HapyLUIeHWsMY OMHOKY/ISPHOTO 3peHus,
UMeIoIIye T/Ia3Hble U CUCTEMHble HApYUIeHNA UM YXKe
VIMeIOIIVE OIIBIT KOHTPOJIS O/IM30PYKOCTHL.

Yrob6bl ¢ ypoBHeM JocTOBepHOCTI 90% (PUKCUPOBATH
pasuuny nsmerenus SER B 0,50D npu mporpeccupoBanumn
MUOIINM MEXJY AIByMs TPYIIaMy, MUHUMAa/lIbHOE KOMM-
YeCTBO YYaCTHUKOB B KaXX[IOil T'PyIIIe JO/DKHO ObUIO 59.
IIpennonaras, 4To OTCEATbCA MOXKET OKO/O 15%, B Kaxkoit
TpyIIIe FO/DKHO 6BUIO ObITH MUHUMYM 70 YIaCTHUKOB.

HeTn B TpymIie 1eyeHna HOCUINM OYKOBbIe nH3bI DIMS,
a IeTV B KOHTPOJIbHO I'PyIIIe HOCUIN OOBIYHBIe OfHO(DO-
KajbHble TMH3HI (SV).

JInnsa DIMS npencrasisger co60f U3TOTOB/ICHHYIO Ha
3aKa3 IOMMMEPHYIO OYKOBYIO TMH3Y. JIMH3a MMeeT LeHTpab-
HYIO OITUYECKYIO 30HY (IuaMeTpoM 9 MM) I KOPPEeKIUK
ook pedpakiuy BaIb U OKPY)KAIOIIYIO ee KOIbLIEBYIO
ONTUYECKYIO 30HY IMaMeTPOM 33 MM, COIEePIKALYI0 MHOIO-
YJICTIEHHbIE CETMEHTHI ayamMeTpoM 1,03 MM, uMeromue oT-

HOCUTE/IBHYIO HOJIOKUTENbHYI0 cuy +3,50 D (puc.1). Takoit
IM3alTH IO03BO/ISIET OHOBPEMEHHO CO3[JaBATh MIUOIIMIECKIIT
nedoxyc (M]I) 1 obecreunBaTh MOB30BATEIO YETKOE 3pe-
HI€e Ha BCeX PacCTOsTHMAX. CerMeHThI CO3IAI0T B IVIOCKOCTH
Iepef; CeTIATKOI MHOTOYNC/IEHHBIE (POKYChI, KOTOPBIE BOC-
MIPUHMMAIOTCSI KaK Pa3MbIThIe N300paKEHNS Ha CETUATKE.

UsmepeHnsa

OKOHYATeTbHYIO CHITY VMH3 [/1A1 3peHVIA BJjalb OIIpeierisiim
B XOJIe CyO'beKTUBHOTO MCC/IeOBaHMA pedppaKLiny ¢ IMKIIO-
nnerueit. B xofie MccnenoBanusA MMH3BI 3aMEHS/I Ha HOBDIE,
ec/Iu M3MeHeHVe cpepiyecKoro sKBUBajIeHTa pedpaxuym
6p110 607b1IIE 0,50 D.

Pedpakiuio 1 oceByIo IIMHY I71a3a IOC/Ie INMK/IOTIIeT N
U3MepsIU B Havasle MCCIefoBaHyA (MCXOQHbIe YPOBHM) U C
6-MeCAYHBIMM MHTEPBaTaMI B TedeHue 2 f1eT. IlepBoii ns-
MepseMOil BeIMYNMHOI OBUIO IIPOrpeccHpoBaHue MUOIINI,
KOTOPO€ XapaKTePU30BaIN KaK Pa3HUIY MEeXY CPEJHUM
9KBUBaneHTOM cepuyeckoit peppaxium SER B Havase
uccIenoBaHys (ICXONHBI ypOBeHb) 1 u3MepeHuamu SER
IIpY OC/IEN YOI VX BU3NTAX Yepes3 KaXKble 6 MeCAILEB B Te-
JeHne 24 MecsiteB. BTopoit n3MepsieMoit BeTMIIHOI 65110
V3MEHEHME OCEBOJI IJIMHBI I7Ta3a, KOTOPOe MPeJCTaBIANIO0
coboit PasHUIY MEX/Y CPeIHEN OCEBOI I/IMHONM B Havajie
VICCTIEJOBAHNA ¥ IPY IOCTIEAYIOMNX 6-MeCAYHBIX BUSUTAX
B TeueHne 24 mecsanes. Ogna xamia 0,5% ankamHa, a 3a-
TeM ofHa-IBe Karm 1% nukmonenronara HCL sakambl-
BaJINCh, YTOOBI BBI3BATh LMKIOIIIernio. Llnkmomiernso
MOATBEPXKAANM U3MEPEHNEM aMIUIUTyJa aKKOMOJ AL
metozoM Push-Up, korma akkomopanus craHoBunach 2 D
win MeHee. Inkiomterndeckyio pedpakumio U3MepsIm
IIOMOIIIbI0 aBTOPePPAKTOMETPaA C OTKPBITHIM Mor1eM (Shin-
Nippon NVision-K5001). OceByio piuny I71asa usMepsm
METOJOM YaCTUYHOI KOIepeHTHON MHTepdepoMeTpun ¢
nomolpio IOL Master (Carl Zeiss). I ananusa 6pann
CpelHee 3HaYEHIE IIATY VI3MepeHUlT pepaKkIMm 1 0CeBO
TJIMHBI Ha KaXJJOM I7Iasy.

LleHTpanbHas 30Ha (gruameTtp 9 mm)

[edokycHble cermeHTbI
anameTtpom 1,03 mm, co3gatoine
Muonuyeckmin aedpokyc +3,5 D

C KoppeKLuen ans 3peHns Banb

LleHTpanbHyto 30HY
OKpY»KaeT KonbLeBas
30Ha (33 MM rameTpom),
copepkaLlas npMmMepHoO
400 nedpoKyCHbIX
CermeHToB

Puc.1. Cxematnyeckoe n3o6parkeHne CTPOEHNS OUKOBbIX JIH3 C IHKOPMOPUPOBaHHLIMM AedOKyCHbIMU cermeHTamu (DIMS)
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IIpn KaX[0M 6-MeCAYHOM KOHTPOJNIBHOM BU3KUTE U3-
MepSUIN TaK>Ke OCTPOTY 3peHMs BAab 1 BOMM3M, (popuio
BOMu3n 1 3anepxky (lag) akkomopaunu. KauecTBo spenns,
KOM(OPT ¥ YaCTOTA 3PUTEIbHBIX CUMIITOMOB IIPY HOLLIEHVN
HOBBIX JIMH3 OLCHMBAJINCh YIACTHUKAMU VICC/IELOBAHNUA
IyTeM OTBETOB Ha BOIIPOCHI aHKeThbl (OHIalH). JJaHHBIE
MEX/y AByMs I'PYIIIaMU COIIOCTAaBILANNCD.

06pa6oTka faHHbIX

ITockonbKy He OBUIO CTATUCTUYECK) 3HAYMMBbIX Pas/Inunii
MEXly JaHHBIMIU I/ ABYX IJIa3, TO [/ aHaAM3a MCIIONb-
30Ba/IVICh TONbKO IaHHBbIE NPaBbIX IMa3. A cpaBHeHNA
XapaKTePUCTUK MEXZIY TPYIIaMU B MPEeANON0KEHUN O
HOPMaJIbHOM XapaKTepe pacIipefie/ieHNs u3MepsieMoll Be-
JIMYMHBI UCTIO/Ib30BAIN HEMapHBI t-TecT. B nmpoTnBHOM
crydae mcnonb3oBamuch U-kputepuit ManHa-YutHu gia
HeIpepbIBHBIX JJAHHBIX U KPUTEPUIL X2 I/ KaTeropuab-
HBIX JJaHHBIX.

IIporpeccupoBanue muonuu 3a 2 roga pacCYmMTbIBa-
7I0Ch KakK pasHuIa Mexpay SER Ha ucxomHOM ypoBHe n
BO BpeMs Bu3uTa 4depes 2 rofa. IPpPeKTNBHOCTD KOH-
TpOJLA Myonmyu ¢ nomoubio 1nH3 DIMS (%) onpenenanu
IyTeM JielIeHM s pa3HUIIBI B IPOIPeCCMPOBAHNY MIOIINA
(MM B 0CeBOM YAIVHEHNN) MEXy ABYM:A IPYIIaMM Ha
IpOorpeccupoBaHye MUONNN (MM OCeBOTrO YIMHEHNe)
B rpymnme SV, pe3ynbrar #eleHNUsA 3aTeM YMHOXanMu Ha
100%.

Pe3ynbratbl

CTO BOCEMBJIeCAT TPU OTBEYAIOLINX KPUTEPUAM UCCIIe-
[OBaHMS IIKOJAbHMKA OBUIM CIydaitHBIM 00pa3oM pac-
npegenensl B rpynmy DIMS (n = 93) win B rpynmy SV
(n = 90). Cro mecTbfecAT MKOIBHUKOB YCIIEIIHO 3aBep-
mm ucctegosanue: 79 (85%) meteit B rpynme DIMS u 81
(90%) B xoHTpOnmbHOI rpymme (SV). ITokasaTens orceBa
6bu1 HemHOTO Bble B rpymie DIMS (15%), uem B rpymie
SV (10%). YetsipHaguaTs u3 23 feTeit BHIObIIN 13 UCCIENO-
BaHIs BCKOPe MOCTIe cO0pa MCXONHDBIX JAaHHBIX. Y YaCTHUKI
B 06eux IpyImax CMOIIM HOCUTb OYKU Ha IIOCTOSTHHOI
ocHoBe. CpefiHee THEeBHOE BpeMs HOILEHNA JIVMH3 B IPYIIIIe
DIMS u SV 3HaunTenbHO He OTANYAnOCh — 15,5+2,6 yaca
n 15,3+2,1 gaca, coorBeTcTBeHHO. OCHOBHBIE XapaKTe-
PUCTUKY IIKOJIBHUKOB Ha MOMEHT Hada/la UCCIefOBaHNA
IpeACTaB/Ie bl B TaOM. 1.

He 6bII0 CTATUCTUYECKY 3HAUMMbIX Pas/IMIMil MEX-
ny rpynmamu DIMS u SV B 6a30BbIX XapaKTepUCTUKAX
(p> 0,05). CpenHAA BeMMYMHA MMONIMU B Hadaje MCCIe-
poBanusa B rpynnax DIMS u SV cocraBmna -2,93+1,04
D u -2,70+0,98 D, coorBeTcTBeHHO. CpefHee HauaabHOE
sHauenne AL cocraBumo 24,85+1,59 mm u 24,72+1,30 MM B
rpynnax DIMS u SV cooTBeTcTBEHHO.

N3meHeHua pepakuum u oceBoi AnuHbI rmasa Al
VYV LIKOJIbHUKOB, 3aBE€pUIMBLINX 2-X JI€THEE MCCIeJ0Ba-
HIUe, cpefiHee nporpeccuposanye muomnnu (SE) 3a 2 roga

Ta6n|n|.|,a 1. OcHOBHble XapPaKTEPUCTUKN LLUKOJIbHUKOB B HaYasne nccnegoBaHmA

Cpennee 3sHaueHme (+ cTagapTHas oumnbKa)

Bce yyacTHUKM 3aBepuInBIIE UCCTIETOBAHNE

DIMS (n=93) SV (n=90) DIMS (n=79) | SV (n=81)
Bospact npu perucrpanun (yer) 10.19+1.46 10.01+1.44 10.20+1.47 10.00£1.45
[Ton
Myxuunsl, % (n) 59.1 (55) 55.6 (50) 58.2 (46) 54.3 (44)
JKenmmubl, % (n) 40.9 (38) 44.4 (40) 41.8 (33) 45.7 (37)
[uknomernyeckas

-2.93+1.04 -2.70+0.98 -2.97+0.97 -2.76+0.96
aBTopedpakiusa SER (D)
InuHa ocu rmasa (M) 24.85+1.59 24.72+1.30 24.70%0.82 24.60+0.83
Cuta poroBUIIBL ITO0 KPYTOMY

44.46+1.67 44.39+1.69 44.5+1.61 44.5+1.65
MepunaHy (D)
Cuta poroBUIIBI 10 ITIOCKOMY

43.14+1.41 43.09+1.45 43.2+1.41 43.2+1.44
Mepuanany (D)
®opust BOmm3m, A -1.96+3.93 -0.98+3.53 -2.16+4.07 -0.15+3.28
3agepxka akkomopauuu (D) 0.97+0.49 1.06+0.40 0.98+0.42 1.04+0.35
Popurenu muorsl, n
0 3 6 2 5
1 22 23 18 20
2 68 61 59 56
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B rpynme DIMS (n = 79) u rpynmne SV (n = 81) coctaBuno
-0,38+0,06 D u -0,93+£0,06 D, coorBercTBeHHO. OceBasd
nnuHa rmasa AL 3a 2 roga yBenmuniaach Ha 0,21+0,02 Mm
n 0,53+0,03 MM, COOTBETCTBEHHO. Y IIKOJIbHUKOB, KOTO-
poie Hocuy nuH3bl DIMS, Myuonmsa mporpeccuposana Ha
59% cmabee (cpemHss pasHuua cocrasmia -0,55+0,09 D,
p <0,0001), a oceBoe yanmuHeHMe OBUIO MeHblle Ha 60%
(cpemusis pasunna 0,32+0,04 My, p <0,0001) 10 cpaBHEHMIO
¢ TeMM, KTO HOCu/I SV-uH3bL. JlaHHbIE TI0 BUSKUTAM IIpe-
CTaBJIEHBI B Ta0/I.2.

CpepHee mporpeccupoBaHue MMONUM ¥ M3MEHEHME
0CeBOIl JUIMHBI I71a3a 3a 2 TOofa ObIIM TaK)Xe paccuymra-
HBI C IIONPABKOJ HAa YYaCTHMKOB, BBIOBIBIINX B XOfie Te-
cTupoBaHus. MofenbHble pacyeTsl (/s armpOKCUMAIUN
JAHHBIX MCIOMb30BaIM TaK Ha3bIBaeMO€ I'eHePaIU3Npo-
BaHHOE ypaBHEHIe, B KOTOPOM YUUTBIBAINCh TaKue (ax-
TOPBI, KaK BO3PACT, I10JI, BpeMs NpepbIBAHNA UCCIEN0-
BaHUA, NPUHAJIEKXHOCTb K TPYIINle X HEKOTOpbIE APY-
rue) fany OGnMM3Kue pesyabTaThl K JAHHBIM, HOMYYeHHBIM
TOJIbKO /I 3aKOHYMBIINX MCC/IEJOBAHME YYACTHUKOB.
B rpynme DIMS (n = 93) u B rpynne SV (n = 90) cmo-
[eNMpOBaHHOE NPOTPeccUpOBaHye MUOINUM COCTABUIIO
-0,41+£0,06 D un -0,85+0,08 D, cooTBeTCTBEHHO. Y meTeit,
KoTopble Hocumu nuH3bl DIMS, nporpeccuposanue mMuo-
iy 66110 Ha 52% crmabee (cpenuss pasanua -0,44+0,09D,
p <0,0001). JInuzer DIMS oxasbiBanu Hanbonbimii 3 dext
Ha 3aMeJlJIeHNie ITPOTrPeCcCHPOBAHNSA MUOIINHA B IIepBble 6 Me-
CALIeB, B TIOCTIEAYIOLIVE BU3UTBI Yepe3 6 MecsleB UX apdeKT
HEMHOTO yMEeHbIIA/ICA.

C mompaBKoJt Ha yOBIBIINX YYaCTHUKOB CMOJENUPO-
BaHHOe yBennueHne AL 3a 2 roga coctasuno 0,21+0,02 mm
n 0,55+0,02 mm B rpynnax DIMS un SV, cooTBeTcTBEeHHO.
JInusst DIMS 3amepsinu oceBoe yanuHeHue Ha 62% (cpep-
Has pasauna 0,34 + 0,03 MM, p <0,0001) o cpaBHEHUIO ¢
nuH3amu SV.

VY 17 pereit (21,5%) us 79, HocuBiumx nuH3bl DIMS Ha
HPOTSDKEHUM 24 MecsIleB, TIPOrPecCypOBaHUA MUOIINY He
Habmonanock. B rpynme SV Takux fereit 66110 Beero 6 u3
81 (7%). Y 14% peteit B rpynme DIMS He 6110 06HapyXeHO
M3MEHEHVIsI OCeBOJ1 [IMHBI I71a3a, B rpymie SV y Bcex feTeit
IJIa3 IPOU3OIIO YANMMHEHNE OCH [71a3a.

CTaTuCTUYeCKN 3HAYMMBIX PA3IUYUIl MEXAY ABYMS
TUIIAMU JIMH3 [IPY BIUSHUU Ha OCTPOTY 3PEHNUSA U aKKO-
Mogjauuo He 6bUT0 0OHApPY>KeHO (HemapHbI t-TecT, p>
0,05), MCKITIOUYeHNEe COCTABIANA OCTPOTA OMHOKYIAPHOTO
spenns (p = 0,04). OgHaxko cpemHss pasHMULA OJs Hee
ObITa 5 YIIIOBBIX CEKYHJ, YTO He SIBJIAETCSA KIMHUYECKN
3HAUMMBIM.

06cyxaeHue

Y pereit, xoTopble HOCcuIM o4YKoBble MMH3bI DIMS, mpo-
rpeccupoBaHMe MUOMMUN 3HAUUTETbHO YMEHBIINIOCHh (Ha
52%), a yOJIMHEHMe OCH 3aMeIINIOCh Ha 62% 3a 2 rofa 1o
CpaBHEHMIO C TeMM, KTO Hocui anH3bl SV. Hanbonpumit
addeKT nedeHns HaOMOAANCA B TeUeHME IIEPBBIX 6 MeCsIeB
HOIIIEHNsA TUH3. DTO OBIIO CBsA3aHO C 60JIee BBICOKOIT CTe-
HIeHbI0 IIPOTPECCUPOBAHNA MUOIINM B IpyIIie SV B TedeHue
3TOTO MepUOJia BpeMeH!, B AanbHelieM adeKT nedeHns
OBI/I TOCTATOYHO TIOCTOSTHHBIM Ha IPOTSDKEHUM IBYX JIET.
Addexr neyenns muusoit DIMS 6p11 ananorndex adgdexry,
TOCTUTHYTOMY IIpU €XKeJHeBHOM HOLIEHN! B TeueHue 6-8
4acoB KOHTaKTHON /MH3bI DISC (TopMOXKeHMI0 mpuMep-
HO Ha 50-60%) /Lam CSY, Tang WC, Tse DY-Y, et al. Br |
Ophthalmol 2014;98:40-5/. 9T pesynbTaThl COINTACYIOTCS C
HALIVMMY IPefbIYIUMA UCCIeTOBaHUAMYU Ha )KUBOTHBIX /
Tse DY, Lam CS, Guggenheim JA, et al. Invest Ophthalmol Vis
Sci 2007;48:5352-9; McFadden SA, Tse DY, Bowrey HE, et al.
Invest Ophthalmol Vis Sci 2014;55:908-17/ v KTMHIYECKUM
nccnegoBanueM KoHTakTHON nuH3bl DISC /Anstice NS,
Phillips JR. Ophthalmology 2011;118:1152-61/ B TOM, 4TO

Ta6nuua 2. MameHeHUA LUMKIoNnernieckon cheprueckor SKBUBaNeHTHoM pedpakumm 1 ocesol AnmnHbI

(o1 6a3oBbIx ypoBHel) B rpynnax DIMS n SV (p <0,0001)

DIMS SV Cpepn. pasHumna
(n=79) (n=81) (SE)
Bpemsa/Busur Usmenenue SER (D), cpeonee 3nauenue (SE)
6 MecsI1eB -0.13+£0.03 | —-0.37+£0.04 | —0.24+0.05
12 mecsues -0.17+0.05 | -0.55+£0.04 | —0.38+£0.07
18 mecsaues -0.31+£0.06 | -0.72+0.05 | -0.42+0.08
24 mecs1eB -0.38+0.06 | —-0.93+£0.06 | —0.55+0.09
Bpems/Busur Usmenenue AL (mm), cpeonee 3nauenue (SE)
6 MecsIeB 0.03+0.01 0.20+0.01 0.16+0.02
12 mecsueB 0.11+0.02 0.32+0.02 0.21+0.02
18 mecsaues 0.150.02 0.431+0.02 0.27+0.03
24 mecs1eB 0.2140.02 0.5340.03 0.32+0.04
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OMNTOMETPUA

IPVMHIUI CO3JaHMs MUONUYECKOTO HeOKyca TOPMO3UT
POCT I71a3 U MIPOrpeccypOBaHe MUOINML.

JInuspl DIMS moxasanu ropasgo aydimnii a¢pdexr
TOPMOXKEHVS IIPOTPEeCCUPOBAHNA MUOIUY Y HeTell, 4eM
CYLIeCTBYIOLIME IPOrPeCcCUBHbIe TMH3BL C afAuanuen
(10%-35%), oukoBble MH3BI ¢ Hepudepudeckum pedo-
KYCOM U KOHTaKTHbIe MMH3bI(34%), paspaboTaHHble A
yMEHBIIeHVSI OTHOCUTEIbHOI Hepudepudeckol rumep-
MeTponuu. OPpPeKTUBHOCTD KOHTPOIS MUOIINM TIMH3AMU
DIMS cpaBHuMa ¢ 3¢pPeKTUBHOCTBIO OPTOKEPATONOTUN
(60%), mpuaMaTudecknux 61¢poKanTbHBIX OYKOBBIX TMH3
(oxomo 50%) u 6udoKaTbHBIX MATKUX KOHTAKTHBIX JTMH3
(50% -60%) 1 OTHOCUTENTHHO MEHbIIIe IO CPABHEHUIO C
BBICOKVIMM ¥ HUSKMMIU J03aMu aTponnHa (70% u BblLe).

JInuspl DIMS samepnunm nporpeccupoBaHue MUO-
MM U JaXKe OCTAaHOBM/IM IPOrpecCHpOBaHMe MUOINUK
y HEKOTOpbIX meTeil. Y 21,5% peteit B rpynne DIMS He
ObLJI0 IIpOrpeccupoBaHysl MUOINY B TedeHMe 2 JIeT, TOTfa
KaK B KOHTPOJIbHOII TPyIIIle TONbKO y 7,4%. ITpumepHo y
13% peteit B rpynne DIMS Bce-taku Habmiofancs 3Ha-
YUTENbHBIN pocT pedpakunnu (> 1D). Takoe pasnuune B
addexTe 3amerieHNs1 HAOMIOTAMTNCH C TPU3MATHYECKIMMU
6udoxanpupiMu oukamu /Cheng D, Woo GC, Drobe B, et
al. JAMA Ophthalmol 2014;132:258-64/. B nanHoit pabore
6bI/I0 IOKa3aHO, YTO pMU3MaTHdecKue 61¢oKarbHble O9KN
601ee 3¢ deKTVBHEI y TeTeil ¢ HUSKUM YPOBHEM 3aJiep>KKI
(lag) akxomopanuu. Kpome Toro, ee aBTOpbl 00HAPYKIUIN,
YTO BO3pAcT, Hadya/IbHasi MUOIINA U Ha/IM4Me MUOIIUY Y PO-
muTenelt BMUAIOT Ha 9 pexkTuBHOCTD nevenns. Hanporus,
B JJaHHOM uccnenoBannu adpdexTnBHocTb MuH3 DIMS He
3aBMCeIIa OT 3afIeP>KKV aKKOMOJaLlny, Hadya/IbHOM MUOIIUY
VIV MAOIIMY POJVTEIIEN.

AHanus 1mokasaj, YTO BO3PacT OBUI eAMHCTBEHHBIM
ACCOLMMPOBAHHBIM (aKTOPOM, KOTOPBII OKa3bIBaJl Cy-
IleCTBEHHOE BJIVAHME Ha IPOrpeccCUpOBaHMe MUOIINM, U
s dext KOHTpOIs MronuM ¢ ToMolbio 1uH3 DIMS 65611
BBbIIIIe Y JieTell cTapllero Bodpacra (B Bo3dpacrte 10-13
net). Oxono 80% meteit ¢ nuusamMu DIMS, nmeBIINX 3Ha-
YYTEIbHOE IPOTrpecCHpOBaHIe MIOINM, ObUIN MIAZILIETO
Bo3pacTta 8-9 ymeT. MBI npefnonaraeM, 4To pa3nuyunus
B TepaneBTudeckoM addexre muus DIMS moryT ObITH
CBsI3aHBI C Pa3/IMYHBIM IpOdUIeM CeTYaTKU UIY C pas-
nMn4yHOI Nepudepndeckoit pedpakuyen y geTeil pasHbIX
Bo3pacToB. /Sng CCA, Lin X-Y, Gazzard G, et al. Invest
Ophthalmol Vis Sci 2011;52:1181-9/. B cny4dae nepude-
PUYECKOI TMIIepMEeTPONNY BBICOKOJ CTeIIeH!) BelTN4YMHa
a¢pdexTrBHOrO MyONIMYECKOro gedokyca Ha nepudepun
CeTYaTKM OKaXXeTCs HeJOCTaTOYHOII, YTO yMeHbIIaeT
s dexr nevenus.

B mpenpipyieM McCIeSOBaHMY aBTOPOB JaHHON pa-
60TBI OBITIO YCTAaHOBJIEHO, YTO BpeMs HOIICHMU SABIACTCA
3HAYMMBIM (PakToOpoM i 9P PeKTUBHOCTY eueOHOTO
mericTBUA KOHTaKTHBIX MH3 DISC. B manHOM 1ccnemoBa-
HUU TaKo¥ KOppesanuy He oO6Hapyx eHo. BeposATHO, 9T0
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ABJIAETCS Pe3y/IbTATOM 0011Iero 60jIee CTPOroro BLINOTHE-
HuA TpeGOBAHMII MCC/IeTOBAHYA, TIOCKOIbKY Y4aCTHUKY
MCCIIeOBAHM CMOI/IV HOCUTb Ha3HaY€HHbIE UM OYKOBBIE
JIMH3bI IOCTOAHHO B TedyeHue 6ojee 15 4acoB B [IeHb.
[Tokasaresnb OTCEBA B 9TOM MCC/IENOBAHNM OB/ HAMHOTO
Hike (13%), 4eM B MX IpefbIAYIeM UCCIeOBAHUY C MC-
Mo/Ib30BaHMeM KOHTaKTHBIX nH3 DISC (42%).

PesynbraThl MsMepeHuUil 3pUTENbHBIX XapaKTePUCTUK
mokasany, 4to 1uH3bl DIMS MoryT o6ecneunTs Xopoliee
3peHue BAanb U BOIU3YU, COMOCTaBUMOE C OOBIYHBIMU
O0YKOBBIMM NMH3aMu SV. X0TsA HEKOTOpble YYaCTHUKU
MCCIIe[OBaHNUA IepBOHAYa/IbHO OTMETU/IM HeOOIbLIYIO
Pa3MBITOCTh B CpefHeit nepudepndeckort 30He, OHI MOJI-
HOCTbBIO a[IJallTUPOBAIACh K JIMH3aM 32 HECKOJIbKO JHeIL.
CymecTBeHHbIe (C OLIEHKOI HMXKe 2) HeraTMBHbIE CUM-
IITOMBI (Pa3MBITOCTb M300paXkeHNU s, TOIOBOKPY>KeHIE U
ronoBHas 6onb) npu HoiteHuu nuH3 DIMS BosHMKanmm
penko. O mo6ouyHbIX 3¢ deKTax, CBA3aHHBIX C JIeYeHIEM,
HUKTO He COOOINII.

Texy1ee nccnenoBanne OrpaHIYEHO TOIBKO KUTAVICKN-
MI JIeTbMMU, TIO3TOMY B JJa/IbHENIIeM /I ONpefie/IeH N e-
ye6Horo addekra nuuz DIMS He0OXOMIMBI MCCTIEOBAHNS
B IPYTMX 3THMYECKUX rpymnmnax. Kpome Toro, nmposefeHHOE
MCCTIelOBaHME MOT/IO He OBITh IMOTHOCTBI0 MaCKMPOBaH-
HBIM [IJ11 HEKOTOPBIX YYaCTHUKOB MCCHeOoBaHMA. XOTA
muH3bl DIMS n SV TpygHO OTINYUTD IO BHEUTHEMY BULY
(cerMeHTBI MOYXHO O0OHApPYXUTb TOIBKO B OTPa>KEHHOM
CBeTe, eC/IY HAKJIOHUTD JIMH3Y NOJ, OIIpefle/IeHHBIM YIJIOM),
HEKOTOpbIe IeTU B TPYIIIIe TeYeH) A MOITIM PacllO3HATh Ha-
JIM4Ye CeTMEHTOB Ha TMH3e. DoMbIIMHCTBO IeTel He 3HaImu
00 0COOEHHOCTSAX NMMH3 C MTHKOPIIOPUPOBAHHBIMI MHOTO-
YMC/IEHHBIMU CETMEHTaMMI. Y BCeX JieTel, HOCUBIINX JINH-
3bI DIMS, He BO3HVKIIO 0COOBIX TPYAHOCTEI IIPU HOLIEHUN
nuu3 DIMS, oHM HOCHIM UX TaKKe, KaK i CBOU OOBIYHbBIE
NpenpIgyle O4KU. B mMpoBefjeHHOM McCnejoBaHUN He
Ob110 meteil ¢ Myonuelt 6onee -5D. ekt 3amennenns
MpOrpecCMpOBaHNA MUONNU C oMolbio muH3 DIMS y
IeTell ¢ BBICOKMMM CTeIeHAMI MMONUY ellle IPeJCTOUT
OIIpefe/INTD.

ITpencTaBneHHBIN OTYET BKIIOYAET PE3YNAbTATHI TOIb-
KO IepBBIX /IBYX /eT. VccregoBaHme IpojjomKaeTcA.

BuiBopb!

Y IIKONBbHUKOB C MUOIMEN eXeflHEBHOE HOIIEeHNe JIMH3
DIMS 3HayuTenbHO 3aMeIIAN0 NPOTPecCUpOBaHNe MU-
ONNM ¥ OCeBO€ y[/IMHEHMeE I71a3a IO CPaBHEHUIO C TeMU
HIKO/IBHUKAMMY, KOTOPble HOCUIN OOBbIYHbIE OHO(DOKATIb-
Hble oukoBbIie H3bI SV. JInazsr DIMS obecreunBau xo-
polilee 3peHne BaIb ¥ BOMM3Y, XOTsI U CO3/IaBajIy B I1a3ax
Mmyonmyeckuii nepudepudecknit fedoxyc. PagpaboraHHbI
aBTOpaMU MeTOJ] KOHTPOJIS MUOIIVY SBJISAETCS IPOCTHIM B
VICTIONTb30BAaHUY U HaIMEeHee VHBA3VBHBIM IO CPaBHEHMIO
¢ papMakoIOrnyeCcKnM iedeHeM VT HOIlIeHeM KOHTAKT-
HBIX JIVH3.

www.optica4all.ru
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Defocus Incorporated Multiple Segments (DIMS)
spectacle lenses slow myopia progression: a 2-year

OPEN ACCESS

» Additional material is
published online only. To view
please visit the journal online
(http://dx.doi.org/10.1136/
bjophthalmol-2018-313739).

'Centre for Myopia Research,
School of Optometry, The Hong
Kong Polytechnic University,
Hung Hom, Hong Kong

2Hoya Corporation, Tokyo, Japan

Correspondence to
Professor Carly Siu Yin Lam,
Centre for Myopia Research,
School of Optometry, The Hong
Kong Polytechnic University,
Hung Hom, Hong Kong; carly.
lam@polyu.edu.hk

Received 14 December 2018
Revised 1 April 2019
Accepted 10 May 2019

| '.) Check for updates

© Author(s) (or their
employer(s)) 2019. Re-use
permitted under CC BY-NC. No
commercial re-use. See rights
and permissions. Published

by BMJ.

To cite: Lam CSY, Tang WC,
Tse DY, et al. Br J Ophthalmol
Epub ahead of print: [please
include Day Month Year].
doi:10.1136/
bjophthalmol-2018-313739

randomised clinical trial

Carly Siu Yin Lam,” " Wing Chun Tang,' Dennis Yan-yin Tse,' Roger Pak Kin Lee,’
Rachel Ka Man Chun,' Keigo Hasegawa,” Hua Qi,* Takashi Hatanaka, Chi Ho To'

ABSTRACT

Aim To determine if ‘Defocus Incorporated Multiple
Segments’ (DIMS) spectacle lenses slow childhood
myopia progression.

Methods A 2-year double-masked randomised
controlled trial was carried out in 183 Chinese children
aged 8-13 years, with myopia between —1.00 and
—5.00 D and astigmatism <1.50 D. Children were
randomly assigned to wear DIMS (n=93) or single vision
(SV) spectacle lenses (n=90). DIMS lens incorporated
multiple segments with myopic defocus of +3.50 D.
Refractive error (cycloplegic autorefraction) and axial
length were measured at 6month intervals.

Results 160 children completed the study, n=79 in
the DIMS group and n=81 in the SV group. Average (SE)
myopic progressions over 2 years were —0.41+0.06 D
in the DIMS group and —0.85+0.08 D in the SV group.
Mean (SE) axial elongation was 0.21+0.02 mm and
0.55+0.02 mm in the DIMS and SV groups, respectively.
Myopia progressed 52% more slowly for children in the
DIMS group compared with those in the SV group (mean
difference —0.44+0.09 D, 95% CI —0.73 to —0.37,
p<0.0001). Likewise, children in the DIMS group had
less axial elongation by 62% than those in the SV group
(mean difference 0.34+0.04mm, 95% Cl 0.22 to 0.37,
p<0.0001). 21.5% children who wore DIMS lenses had
no myopia progression over 2 years, but only 7.4% for
those who wore SV lenses.

Conclusions Daily wear of the DIMS lens significantly
retarded myopia progression and axial elongation in
myopic children. Our results demonstrated simultaneous
clear vision with constant myopic defocus can slow
myopia progression.

Trial registration number NCT02206217.

INTRODUCTION

The increasing prevalence of myopia is reaching an
alarmingly high level globally." > In many parts of
East and Southeast Asia, as many as 70%-80% of
young adults are myopic,'™ and as many as 20% of
children are highly myopic, with refractions worse
than —6 D.? Highly myopic eyes have higher risk
of developing blinding complications such as retinal
degenerations*’ and glaucoma.® It is no doubt that
epidemic of myopia debilitates both at individual
level and public health level.” ® In fact, myopia is
now identified as one of immediate concerns by
the WHO’s Global Initiative for the Elimination of
Avoidable Blindness."

Several clinical interventions are currently
used for slowing the progression of myopia.” '* A
meta-analysis in efficacy comparison of different
interventions for myopia control reported that
pharmacological treatment is relatively more effec-
tive than optical methods using contact lenses or
spectacles.” '* High-dose (1%) atropine'' eye-drops
are highly effective, but the associated side effects,
such as photophobia and blurry vision, are not well
tolerated. Lower dose (0.01%—-0.1%)"'*"'* atropine
yields similar treatment effects with less side effects.
Ideally, an intervention for myopia control should
be as minimally invasive as possible, making spec-
tacle lenses the ideal alternative option.

Animal studies have provided solid evidence that
imposed myopic defocus (MD) inhibits eye growth
whereas hyperopic defocus promotes eye growth. "
Studies using chicks,'®'” guinea pigs,'® marmoset'’
and rhesus monkey?” have demonstrated that
myopic eye growth could be inhibited or reversed
by applying MD using dual-power or multifocal
lenses. Indeed, MD is likely be the key mechanism
that underlies a number of current myopia control
strategies, such as orthokeratology”' and multifocal
soft contact lenses.”* "

Several years ago, we designed a concentric dual-
power soft contact lens called ‘Defocus Incorpo-
rated Soft Contact’ (DISC) lens for myopia control
which imposes MD on both the central and periph-
eral retinas.”> The clinical trial has shown the DISC
lens wear significantly slowed myopia progression
in schoolchildren by 25% over 2 years compared
with the single vision (SV) contact lenses and 60%
for a subgroup of children who have worn the
lenses for more than 8 hours/day.”> We have now
designed a spectacle lens based on the MD mecha-
nism for myopia control, and named it as Defocus
Incorporated Multiple Segments (DIMS) spectacle
lens. This lens provides the same optical stimulus as
the DISC lens without the disadvantages inherent
with contact lens wear. This study aims to investi-
gate if the DIMS lenses can slow myopia progres-
sion in schoolchildren.

MATERIALS AND METHODS

Study design

This study was a prospective, randomised and
double-masked clinical trial conducted between
August 2014 and July 2017. The subjects were
randomly allocated to wear either DIMS spectacle
lenses (treatment group) or SV spectacle lenses

BM)
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(control group). Spherical equivalent refraction (SER) and axial
length (AL) were measured at baseline and every 6 months over
2 years. The changes in SER and AL between two groups were
compared over the study period. Data collection and eye exam-
inations were carried out in the Centre for Myopia Research
at the Hong Kong Polytechnic University. Written assent and
informed consent were obtained from the children and their
parents before participation.

Subjects
Phone screening and visual screening were performed to deter-
mine whether the child met the study criteria. One hundred and
eighty-three schoolchildren were recruited between August 2014
and July 2015. Inclusion criteria were:
Hong Kong Chinese.
8-13 years old.
SER: —1.00 to —5.00 dioptres (D).
Astigmatism and anisometropia of 1.50 D or less.
Monocular best corrected visual acuity (VA) of 0.00 logMAR
(6/6) or better.
» Acceptance of random group allocation and the masked
study design.

Exclusion criteria were:
» Strabismus and binocular vision abnormalities.
» Ocular and systemic abnormalities.
» Prior experience of myopia control.

\AA A A A 4

Randomisation

Simple randomisation was implemented by the unmasked
investigator (UI) by putting subject file numbers (1-200) in a
spreadsheet of Excel (Microsoft Office) and creating a column of
random numbers for the group allocation. Eligible subjects were
then assigned to either group by following a random software
sequence generated from Excel.

Sample size calculation

To achieve a 90% power to detect a 0.50D difference (0.70D of
SD)* in myopia progression between two groups with an alpha
level of 0.01 (2-tailed); the minimum subject number required in
each group was 59. Assuming a dropout rate of about 15%, at
least 70 subjects were required in each group.

Intervention and control

The children in the treatment group wore the DIMS spectacle
lenses while those in the control group wore ordinary SV spec-
tacle lenses.

The DIMS lens is a custom-made plastic spectacle lens.
It comprises a central optical zone (9 mm in diameter) for
correcting distance refractive errors, and an annular multiple
focal zone with multiple segments (33 mm in diameter) having
a relative positive power (+3.50 D) (figure 1). The diameter
of each segment is 1.03 mm. This design simultaneously intro-
duces MD and provides clear vision for the wearer at all viewing
distances. There are multiple foci from MD at a plane in front of
the retina, which would be received as blur images on the retina.

The final distance prescription was determined by the UI using
cycloplegic subjective refraction measured by the masked inves-
tigator (MI). The lenses were replaced with an updated prescrip-
tion when the change of SER was more than 0.50 D.

Masking and wear compliance

We adopted the same study protocol in our previous randomised
controlled trials using progressive addition lenses and the
DISC lenses.” The UI was responsible for group allocation,
spectacle-dispensing work, measuring visual performance of
lenses, record keeping, data entry and compliance checking. The
MI was responsible for refraction and related eye data measure-
ment. Both the children and their parents were masked to group
allocation until data analysis was completed. The masking proce-
dures fulfilled the Consolidated Standards of Reporting Trials
requirements.”® Prior to the data measurement by MI, the spec-
tacles were removed from the children by the UI.

At spectacles delivery, the children were instructed to wear the
spectacles in full-time mode, except during sleeping and taking
shower. Wear compliance was monitored and checked by phone
calls and questionnaires.

Outcome variables

Refraction and AL under cycloplegia were measured at baseline
and at 6-month intervals for 2 years. The primary outcome was
myopia progression, which was the difference between the mean
cycloplegic SER at the baseline and subsequent 6-month visits
for 24 months. The secondary outcome was the change of AL,

Central zone (9 mm in
diameter) for distance

Schematicarray of multiple
segments; each 1.03mm in

diameter and +3.5D myopic
defocus

Figure 1

refractive correction

About 400 multiple
defocus segments (33
mm in diameter)
surrounding the central
zone

WWEE

The design of the Defocus Incorporated Multiple Segments (DIMS) spectacle lens.
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Enrollment | 550 assessed for eligidility |

367 not eligible
297 Not meet inclusion criteria
70 Declined to participate

183 randomized

! Rt !

90 assigned to SV (control) group
- 90 received allocated interv ention
- 0did not receive allocated intervention

93 assigned to DIMS (treatment) group
- 93recsived allocated intervention
- 0.did not receive allocated intervention

Follow-Up
14 excluded 9 excluded
Before 12-  Before 24- Before 12 Before 24-
monthvisit  month visit monthvist  month visit
Lost to follow-up 8 1 Lost to follow-up 5 0
Try other myopic control 4 ) Try other myopic control 2 2
methods methods
Analysis

79 Analysed | | 81 Analysed

Figure 2 A flow diagram of the study design. DIMS, Defocus
Incorporated Multiple Segments spectacle lens; SV, single vision
spectacle lens.

which was the difference between the mean AL at the baseline
and subsequent 6-month visits for 24 months.

One drop of Alcaine 0.5% followed by one to two drops of
cyclopentolate HCL 1% were instilled to induce cycloplegia.
Cycloplegia was confirmed by measuring the amplitude of
accommodation using push-up method when accommodation
was 2 D or less. Cycloplegic refraction was measured with an
open-field autorefractor (Shin-Nippon NVision-K5001). AL was
measured by partial coherence interferometry IOL Master (Carl
Zeiss). Average of five measurements of autorefraction and AL
for each eye were obtained for analysis.

Other measurements at each follow-up
Other outcomes such as distance and near VA, near phoria and
accommodation lag were measured when the children were
wearing full correction of distance at each 6-month follow-up.
Visual performance with the experimental lenses was also
assessed. Distance and near VA, accommodation, phoria and
stereopsis were measured when the subjects collected their spec-
tacles. Vision quality, comfort and frequency of visual symptoms
with lens wear were graded by the subjects themselves through
questionnaires (online supplementary methods). Data between
the two groups were compared.

Statistical analysis

There were no statistically significant differences between data
from two eyes, only data of right eyes were used for analyses.
Unpaired t-tests were used to compare baseline characteristics
between groups when normality assumptions were preserved.
Otherwise, Mann-Whitney U test for continuous data and the x>
test for categorical data were used.

Myopia progression over 2 years was calculated as the differ-
ence between SER at the baseline and the 2-year visits. For
the subjects completed the study, the changes in SER and AL
between two groups were compared using unpaired t-tests. The
efficacy of myopia control of DIMS lens (%) was determined by

dividing the difference in myopia progression (or axial elonga-
tion) between two groups with the myopia progression (or axial
elongation) in the SV group, then multiplied by 100%.

Data analysis also followed the intention-to-treated approach
for the subjects lost to follow-up. Generalised estimating equa-
tions (GEE) were adopted for handling missing data. GEE, with
one within-subject factor (time), one between-subject factor
(group: DIMS or SV) and their interactions, was used to deter-
mine the treatment effect on two main outcomes adjusted for
some covariates. These covariates included age, gender, baseline
refractive error, near phoria, lag of accommodation, number of
myopic parents, time spent on near works and outdoor activ-
ities. The significant covariates (p<0.05) were tested for their
correlation with the changes of SER and AL independently using
Pearson correlation analysis.

RESULTS

Subject profile

Figure 2 is a flow diagram illustrating the number of subjects
recruited, enrolled and dropped out. One hundred and eighty-
three eligible schoolchildren participated and were randomly
allocated to the DIMS group (n=93) and the SV group (n=90).
One hundred and sixty subjects successfully completed the
study: 79 (85%) children in the treatment group and 81 (90%)
in the control group. The dropout rate was slightly higher in the
treatment group (15%) than the control group (10%) (online
supplementary eTables 1 and 2). Fourteen out of 23 children
dropped out early soon after the baseline data collection.

Both groups showed an overall good compliance and could
wear the spectacles full time. The mean daily lens-wearing time
in the DIMS group and SV group was 15.5+2.6 and 15.3+2.1
hours, respectively, and was not significantly different.

Baseline characteristics

There were no statistically significant differences between the
DIMS and SV groups in the baseline characteristics (p>0.05)
(table 1). The mean initial myopia in the DIMS and SV groups
was —2.93%+1.04 D and —2.70%0.98 D, respectively. The mean
initial AL was 24.85+1.59 mm and 24.72+1.30 mm in the
DIMS and SV groups, respectively.

Changes in the refraction and AL

Completed subjects

For subjects who completed the 2-year trial (table 2), the mean
myopia progression (SE) over 2 years in the DIMS group (n=79)
and the SV group (n=81) was —0.38%0.06 D and —0.93+0.06
D, respectively. The total increase in AL was 0.21+0.02 mm
and 0.53+0.03 mm, respectively. Schoolchildren wearing DIMS
lenses had myopia progression significantly reduced by 59%
(mean difference —0.55+0.09 D, p<0.0001) and axial elon-
gation decreased by 60% (mean difference 0.32+0.04 mm,
p<0.0001) compared with those wearing SV lenses.

All enrolled subjects
Changes in SER
The mean myopia progression over 2 years in the DIMS group
(n=93) and the SV group (n=90) was —0.38+0.06 D and
—0.85%0.08 D, respectively. Children wearing DIMS lenses had
significantly less myopia progression by 55% (mean difference
—0.47=0.09 D, p<0.0001).

The tests of model effect (online supplementary eTable 3)
indicated that group, time and age (p<0.05) had significant asso-
ciation with the magnitude of myopia progression. After model
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Table 1 Baseline demographics data of all and the completed
subjects
Mean (SD)

Baseline demographic Al Completed
data, mean (SD) DIMS (n=93) SV (n=90) DIMS (n=79) SV (n=81)
Age at enrolment (years)  10.19+1.46 10.01+1.44  10.20+1.47 10.00+1.45
Gender

Male, % (n) 59.1 (55) 55.6 (50) 58.2 (46) 54.3 (44)

Female, % (n) 40.9 (38) 44.4 (40) 41.8 (33) 45.7 (37)
Cycloplegic autorefraction  —2.93+1.04 —-2.70+0.98 -2.97+0.97 —2.76+0.96
in SER (D)
Axial length (mm) 24.85+1.59 24.72+1.30  24.70+0.82 24.60+0.83
Corneal power at steep 44.46+1.67 44.39+1.69 44.5+1.61 44.5+1.65
meridian (D)
Corneal power at flat 43.14+1.41 43.09+1.45 43.2+1.41 43.2+1.44
meridian (D)
Near phoria, A -1.96+3.93 —0.98+3.53 -2.16+4.07 —0.15+3.28
Accommodation lag (D) 0.97+0.49 1.06+0.40 0.98+0.42 1.04+0.35
Myopics parents, n

0 3 6 2 5

1 22 23 18 20

2 68 61 59 56

A, prism dioptres; AL, axial length; D, dioptres;DIMS, Defocus Incorporated Multiple
Segments spectacle lens; SER, spherical equivalent refraction; SV, single vision spectacle lens.

adjustment, the mean myopia progressions were —0.41+0.06 D
in the DIMS group and —0.85+0.08 D in the SV group (online
supplementary eTable 4). Children wearing DIMS lenses had
significantly less myopia progression by 52% (mean difference
—0.44%=0.09 D, p<0.0001). Controlling for covariates did not
greatly change the treatment effect compared with the unad-
justed means. The DIMS lens had the greatest effect on slowing
myopia progression in the first 6 months, after that, the magni-
tude slightly decreased at 12-month visit and was sustained to
the 24-month visits (figure 3).

For Pearson correlation analysis, the changes in SER signifi-
cantly correlated (r*=0.22, p<0.001) with subject’s age in the
DIMS group (online supplementary eFigure 1). Myopia progres-
sion was slightly slower in older children who wore DIMS lenses.
In SV group, no significant correlation was found (r*=0.04,
p>0.05).

Table 2 Changes in the cycloplegic spherical equivalent refraction
and axial length (from baseline) in the DIMS and the SV groups

DIMS (n=79) SV (n=81) Mean difference (SE)

Time/visit SER changes in dioptres, mean (SE)

6 months —0.13+0.03 —0.37+0.04 -0.24+0.05*

12 months —0.17+0.05 —0.55+0.04 —0.38+0.07*

18 months —-0.31+0.06 -0.72+0.05 -0.42+0.08*

24 months —0.38+0.06 —0.93+0.06 —0.55+0.09*
Time/visit Changes in AL (mm), mean (SE)

6 months 0.03+0.01 0.20+0.01 0.16+0.02*

12 months 0.11+0.02 0.32+0.02 0.21+0.02*

18 months 0.15+0.02 0.43+0.02 0.27+0.03*

24 months 0.21+0.02 0.53+0.03 0.32+0.04*

*Statistically significant difference between two experimental groups (unpaired
t-tests, p<0.0001).

A, prism dioptres;D, dioptres;DIMS, Defocus Incorporated Multiple Segments
spectacle lens; SER, spherical equivalent refraction; SV, single vision spectacle lens.

Changes in AL

The total increase in AL over 2 years was 0.21+0.02 mm and
0.56+0.02 mm in the DIMS and SV groups, respectively. The
DIMS lenses significantly slowed axial elongation by 63% (mean
difference 0.35 (0.04) mm, p<0.0001) as compared with the
SV lenses. Group, time and age were found to be associated
with AL changes. Model-adjusted mean changes in AL+SE were
0.21%0.02 mm and 0.55+0.02 mm in the DIMS and SV groups,
respectively. The DIMS lens showed a significant effect on
slowing axial elongation by 62% (mean difference 0.34+0.03
mm, p<0.0001).

For individual subjects

Seventeen (21.5%) out of 79 children wearing DIMS lenses
had no myopia progression over 2 years (online supplementary
eFigure 2), which was higher than the SV group (6 of 81, 7%).
Likewise, 14% of the children wearing DIMS lenses had no axial
elongation whereas all children in the SV group had axial elon-
gation (online supplementary eFigure 3).

Visual performance with lens wear

There were no statistically significant differences between the
two lens types in influencing VA and accommodation (unpaired
t-test, p>0.05) (online supplementary eTable 5), except stereo-
acuity (p=0.04). However, the mean difference was only 5 s of
arc, which is not clinically significant.

DISCUSSION
Children wearing the DIMS spectacle lenses had myopia progres-
sion significantly reduced by 52% and axial elongation by 62%

Mean and SE of myopic progression
0.00

oM »2m 1m 24M

-0.20

-0.40

-0.60
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Refraction change in SER (D)

-1.20
Months

Mean and SE of axial elongation
0.6

~+=DIMS ~e—Control
0.5
04
03

0.2

0.1

Changes in axial length (mm)

oM 6M »2m M 24M

Months
Figure 3 Model-adjusted mean and SE of myopia progression and

axial length from baseline to 24 months. DIMS, Defocus Incorporated
Multiple Segments; SER, spherical equivalent refraction.
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over 2 years when compared with those wearing SV lenses. The
greatest treatment effect was observed during the first 6 months
of lens wear. It was due to the higher myopia progression in
the SV group during this time, otherwise the treatment effect
was quite consistent over the 2 years (figure 3, online supple-
mentary eTable 4). The treatment effect with the DIMS lens was
similar to that achieved with 6-8 hours daily wear of DISC lens,
at around 50%-60%.* These findings are consistent with our
previous animal studies'” '® and the clinical trial of the DISC
lens,” that the principle of employing MD does retard eye
growth and myopia progression.

The DIMS lens design showed much better effect on slowing
childhood myopia progression than existing progressive addi-
tion lenses (10%-35%),” *"~*! spectacle lens with peripheral
defocus®® and contact lens®® (34%) designed for reducing rela-
tive peripheral hyperopia (online supplementary eTable 6). The
efficacy of myopia control is comparable to those of orthoker-
atology (60%),'’ »' prismatic bifocal spectacle lenses (about
50%)** and bifocal soft contact lenses (50%-60%)'" ** 35 and
relatively less when compared with high and low-dose atropine
(70+9%)."""1*

The DIMS lenses have slowed myopia progression, and have
stopped myopia progression in some children (online supple-
mentary eFigures 2 and 3). 21.5% of children in the DIMS group
had no myopia progression over 2 years whereas only 7.4% in
the control group. About 13% of children in the DIMS group
still showed considerable progression in terms of refraction (>1
D). Such variations in retardation effect have been observed with
prismatic bifocal spectacles, Cheng et al’* showed that prismatic
bifocals were more effective in the children with low accommo-
dative lag. Also, they found that age, initial myopia and parental
myopia were associated with the treatment effect. In contrast, in
our study the magnitude of treatment effect was not dependent
on lag of accommodation, initial myopia nor parental myopia.

Analysis of model effects indicated that age was the only asso-
ciated factor that exhibited significant effect on myopia progres-
sion, and the effect of myopia control with DIMS lenses was
greater in older children (aged 10-13) (online supplementary
eFigure 1). About 80% of the DIMS wearers who had consider-
able myopia progression were younger children aged 8-9 years.
We speculate that variations in treatment effect of the DIMS
lenses may be due to different retinal profile or peripheral refrac-
tion among the children.’® If there is a high amount of peripheral
hyperopia, the amount of effective MD at the peripheral retina
will be less, and thereby minimising the treatment effect.

In our previous study, wearing time was found to be a signifi-
cant factor in determining the treatment effect of DISC lenses.”’
No such correlation was found in the present study. This is prob-
ably a result of the overall higher compliance, that the subjects
were able to wear their assigned spectacle lenses constantly, with
over 15 hours/day. The dropout rate in this study was much
lower (13%) than that in our previous study using the DISC
lenses (42%).%

The findings of visual performance (online supplementary
eTable 5 and eFigure 4) showed that the DIMS lens could provide
good vision at distance and near comparable to conventional SV
spectacle lenses. Although some subjects initially noticed the
slight blurriness at the mid-peripheral field, they fully adapted
to the lenses in a few days. The symptoms (score below 2) such
as ghost image, dizziness and headache seldom occurred during
DIMS lens wear (online supplementary eFigure 5). No treat-
ment-related adverse event was reported.

The current report includes only the first 2-year result, when
the third year of the study is ongoing. Also, the current study

is limited to Chinese children, further study will be needed
to determine the treatment effect of the DIMS lenses in other
ethnic populations. DIMS and SV lens could hardly be differ-
entiated by their appearance unless the lens was tilted and the
multiple segments may be observed from the reflection of a light
source. Most children were not aware of the multiple segments
features. A few children in the treatment group might recognise
the multiple segments but they had no particular difficulties in
using the lens as their previous spectacle lenses. Nevertheless,
the study could not be totally masked for some subjects. Our
study did not include children with over —5 D of myopia. The
retardation effect on myopia progression in high myopes was
yet to be determined. Further investigation is also required, in
particular, to determine its optimal effectiveness in preventing
myopia progression and incidence.

CONCLUSIONS

Daily wear of the DIMS lens significantly slowed myopia progres-
sion and axial elongation in myopic schoolchildren as compared
with wearing SV spectacle lenses. They provided good vision
while presenting simultaneous MD to the eyes. This intervention
is simple to use and is the least invasive method compared with
pharmacological or contact lens treatments. The DIMS spectacle
lens offers an alternative treatment modality for myopia control.
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