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Abstract

Keywords

Objective: To investigate the association between myopia and ganglion cell layer and inner plexiform layer
(GCIPL) in diabetic population without diabetic retinopathy (DR). Methods: In this Guangzhou Diabetic Eye
study, a total of 1 165 patients aged 30-80 years were recruited followed up longitudinally for 2 years. According to
the presence or absence of myopia [spherical equivalence (SE)<-3 diopter (D)] and diabetics, the patients were
divided into a healthy group (1=508), a diabetes mellitus group (n=525), and a diabetes mellitus + myopia group
(n=132). GCIPL was measured via swept-source optical coherence tomography. Univariable and multivariable
mixed models were used to show the association of GCIPL change and baseline parameters. Results: SE was
(1.07£1.06) D in the healthy group, (1.02£1.00) D in the diabetes mellitus group and (—5.36%2.30) D in the
diabetes mellitus + myopia group (P<0.001). The baseline GCIPL thickness were (71.1+0.3), (74.4£0.2), and
(71.7£0.5) pm, respectively. The slope of GCIPL thickness was —0.10 (95% CI: —2.03 to 0.05) um/year in the
healthy group, which was 12 folds faster than those in the diabetes mellitus group [-1.21(95% CI: —24.04 to
0.05 pm/year, P<0.001] and 22 folds higher among those in diabetes mellitus + myopia group [-2.17 (95% CI:
—21.63 to 0.10) pm/year, P=0.009]. Conclusion: Both myopia and diabetes status accelerate macular ganglion
cell layer and inner plexiform layer thinning in diabetic patients without diabetic retinopathy.

myopia; diabetic population without clinically diabetic retinopathy; diabetes mellitus; ganglion cell layer and inner

plexiform layer; cohort study
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Figure 1 GCIPL thickness measured by SS-OCT
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% . M5 . BMI. SBP. DBP. HbAlc., TC. &
MpAg. LDL-C. HDL-C. SE. MR /% (intraocular
pressure, 10P). I ffj /8 )& (central corneal
thickness, CCT) . ﬁﬁf)‘?ﬁ%]}f(anterior chamber
depth, ACD). FaMRJEEE | HR%H (axil length, AL)
FIGCIPLYL 44 A G CIPLZAS b Y H A% 5 7l 2748 i 2
RAKEL, P<0.05A %2 X ERIEUFEES
Aoy AT, DA E X s e (g b SE Pk . A
Brfli JHSTATARR A 14,0147 . P<0.05 Ky 22 5 H A SE

R1ART KRB O FEHRE L E R FHE

PES-S
2 R

2.1 H2k NBHYSME

P AL 16582 55, Hrpf@Rasosh], b
PRIGALS25 01, BEPRI AT WA 1326, NH%S
TR REFAE N R 10 . XFHRZLBMI, SBP
DBP . HbA1c¥ b A% T8 JR s 2 KO PR s 5 I3
PR . SXFHRA . BEPRIRALA L, BE PRI A I A
HSEH /N, ALK, CCTHE K, ACDHE, Fik
JEFERITCOK - o %o B 20 b R o 20 EL AT TG
fJBMI. SBP. DBP. HbAlc. IOPXCCT, HEH)
TCMLDL-c. AR 20 AU IR % & T A 41 HbA 1 ¢
255 G2 (),

Table 1 Demographics and clinical characteristics of the participants

41 WA Zobe/[#1(%)]  4Fi#k/%  BMI/(kgm®)  SBP/mmHg  DBP/mmHg SE/D
popiiHa:] 508 388(76.38)  59.7+7.7 23.3+3.0 125.5+17.5 68.3+9.6 1.07 + 1.06
W2 525 339 (64.57) 60.3 +4.8 24.7 £ 3.4* 131.3 + 18.2* 72.0 = 10.4* 1.02 + 1.00
VEIRIE Al 132 84 (63.64)  60.1%9.5 242 +2.9* 130.8 +17.3*  712+11.3*  -5.36+2.30%
P <0.001 0.3782 <0.001 <0.001 <0.001 <0.001

21 5] HbAlc/% TG/(mmol-L ™) TC/(mmolL™")  LDL-¢/(mmolL™") HDL-c/(mmol-L™")
papitetel 5.80 +0.53 220+ 1.72 5.32+0.94 3.33+0.84 1.41 £ 0.45

Wi PRI 4 6.74 + 1.18* 2.27 + 1.60 4.93 +1.07* 3.14 £ 0.94 1.37 +0.45
BEDR 5 I L2 6.69 + 1.27* 219+ 1.18 4.65 £ 1.02* 2.94 +0.91% 1.31+0.38

P <0.001 0.7615 <0.001 <0.001 0.0618

215 IOP/mmHg CCT/pm ACD/mm AR /mm AL/mm

X HRZH 16.09 +2.29 541.1+30.5 2.41+0.31 4.60 + 0.30 23.22+0.77

B DRI 2H 16.57 + 2.77* 546.9 + 31.9* 2.41+0.34 4.67 +0.30 23.12 £ 0.79

Wi PRI A 2 16.49 +2.61 554.6 + 32.7% 2.65 +0.33* 4.57 £0.36* 25.62 + 1.40*

P 0.0075 <0.001 <0.001 <0.001 <0.001

1 mmHg=0.133 kPa, SXFHA4IMILL, *P<0.05; SHERIGLIMILL, "P<0.05.

1 mmHg=0.133 kPa. Compared with the control group, *P<0.05; compared with the diabetic mellitus group, P<0.05.
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Figure 2 Baseline average GCIPL thickness (A) and change in average GCIPL thickness (B) of 3 groups

R BBAEEKIEFERINESEHGCIPLEE 5%

Table 2 Baseline distribution of GCIPL thickness of the participants after adjusted for age and sex

a5 B /um G G SRR SRR B MR B2 2N
5 /um B /um R /pm B /pum 5 /pm B /pm R /pm I /um
X AL (4H1) 71.1+03 655+03 73.0+03 609+03 69.6+03 89.7+03 883+04 888+04 859%0.5
WEPRIGLH (ZH2)  744+02 67.0+03 73.6+03 645+03 71.5+03 89.9+03 887+04 88304 852%0.5
WEPRI A It 71.7+0.5 60.8+0.5 660+0.6 S57.0+0.5 67.8+0.5 887+0.7 88.0+0.8 867+07 87.6+1.0
T (43)
p <0.001  <0.001  <0.001 <0.001 <0.001 0.248 0.615 0.024 0.086
P, <0.001  <0.001 0.107 <0.001 0.002 — — 0.286 —
P, 0360  <0.001  <0.001 <0.001 <0.001 — — 0.006 —
P, <0.001  <0.001  <0.001 <0.001 <0.001 — — 0.040 —
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WA X GCIPLEE AT 25 H
Gt E X, [ GCIPL#E K& TF k.
XA GCIPLIJE B T K& 0 R w4l o g &
(P=0.025). BEIRIGAH T L@ M GCIPLE
JE R LR M (P<0.05), 5 Hth Wi 41 4F 1k 25
SHG A E L (P<0.0S) . & I xF 1R 21
ML TR, 4R ERLRIT¥E S
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RIGCIPLM BT X EER2ENE T

2.4 GCIPL T HEXEEZ S

PR [l 9 43 B & B . GCIPLIW AR fb 5 4F
# . . BMI, SBP, DBP. H#JKJH . HbAlc,
ACD. AL, R FEYGCIPLEEWEAME; 5
SE. TC. LDL-c2IEFHX(FK4). ZHE 5T
KM : GCIPLIMAZfL S54F#E . SBP. IR . ALK
FELLGCIPLIEEE A, Hrh, BiRp ALY
AL S5 M GCIPL R FE AR b i E M R R

Table 3 Estimated mean rates of GCIPL in each ETDRS grid during the 2-year follow-up

X HEZH (2H1) BEPRIR A (4H2)

2R

T (95% CI) p T (95% CI) P
R -0.10 (-2.03~0.05) 0.042 -1.21 (-24.04~0.05) <0.001
AR 7 -0.08 (-1.81~0.05) 0.071 —0.41 (-9.08~0.05) <0.001
HNFR LA 0.09 (0.05~1.62) 0.105 -0.04 (-0.68~0.05) 0.496
AN T ~0.14 (~2.56~0.06) 0.011 ~1.33 (~24.38~0.05) <0.001
AN 0.09 (0.06~1.45) 0.147 -0.41 (-6.83~0.06) <0.001
NI L7 -0.38 (-6.50~0.06) <0.001 -0.16 (-2.74~0.06) 0.006
NI g ~0.42 (~4.36~0.10) <0.001 ~0.24 (~2.53~0.09) 0.011
NI T 7 -0.36 (=6.23~0.06) <0.001 0.36 (0.06~6.31) <0.001
PN ER -0.23 (-1.18~0.19) 0.239 0.57 (0.19~3.05) 0.002
- WEPRI 6 I T2 (4H3) P
- T (95% CI) P ZH1vs2 ZH1vs3 2H2vs3
JELRE -2.17 (-21.63~0.10) <0.001 <0.001 <0.001 <0.001
AR L7 -0.52 (=5.71~0.09) <0.001 <0.001 <0.001 0.306
SIS A -0.30 (~2.78~0.11) 0.006 0.104 0.001 0.029
SN T -1.13 (-10.41~0.11) <0.001 <0.001 <0.001 0.100
AR ~0.34 (-2.86~0.12) 0.004 <0.001 0.001 0.611
W L7 -0.23 (-2.04~0.11) 0.004 0.007 0.254 0.552
PAEZN] -0.06 (-0.31~0.19) 0.758 0.181 0.094 0.410
NI T I7 0.17 (0.11~1.48) 0.139 <0.001 <0.001 0.130
PR EREEN -0.38 (~1.02~0.38) 0.309 0.003 0.712 0.023
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Table 4 Univariable and multivariable mixed models showing the associations of predictors with rate of average GCIPL thickness

over time
¥ BRI EASES
I8 )51 Z % (959%CT) P 1] U5 2R 50 (959%CI) P
SRR N LS -0.017 (~0.028~-0.005) 0.004 -0.024 (~0.033~-0.015) <0.001
X A —0.317 (—0.486~-0.149) <0.001
BMIAEHE i1 kg/m” -0.026 (~0.050~-0.002) 0.031
SBPAEIE i1 mmHg -0.007 (=0.011~-0.003) 0.002 -0.006 (—0.010~-0.001) 0.013
DBPHH N1 mmHg -0.009 (-0.016~-0.001) 0.025 0.008 (<0.001~0.016) 0.047
PRI X HLIEH A ~1.320 (~1.458~-1.182) <0.001 ~0.906 (~1.032~-0.780) <0.001
HbA1cH: 4 111% -0.245 (-0.317~-0.174)  <0.001
SEREENL D 0.201 (0.171~0.232) <0.001
TGHHE N mmol/L 0.011 (-0.037~0.060) 0.643
TCHHE N mmol/L 0.195 (0.121~0.270) <0.001
LDL-cH-HE 11 mmol/L 0.166 (0.080~0.252) <0.001
HDL-cAH4 111 mmol /L 0.096 (—0.079~0.272) 0.282
IOPHRHE N1 mmHg -0.005 (-0.036~0.025) 0.726
CCTHHEN pm -0.002 (—0.005~<0.001) 0.065
ACDEHE I mm -0.498 (-0.732~-0.265) <0.001
R EE AR mm 0.016 (~0.236~0.268) 0.903
ALBEHEAIIL mm -0.368 (—-0.431~-0.305) <0.001 -0.366 (-0.418~-0.314) <0.001
L GCIPLIE JE ARSI pm -0.094 (~0.106~-0.082) <0.001 -0.093 (~0.104~-0.083) <0.001

3 itit

AT R . BEIRIE 4 L GCIPLIE &
T R BRI AT IR AL . Bl T 24F
), 55X A L, IR E 45 E IR s A 3T A
A GCIPLJE JE R BI R, $&7m 3 IO s 78
GCIPLAYsZ M L HAT UM RIVER o A8 8r E H Al TR 2% A
FIG, PEIRIEMALIE R GCIPLE & A8 fk fir £ 2
W fa s 2 o AR 5T 02 55 — A 9 1) 43 Bt 3 4L OB
PRI X G CIPLJEEJEE 52 M () KA AT 5%

AR GCIPL S LD R IR B & A
Ko X —KIAT LU Tt — 20 0 98 b R A7 M AR
TR R 2 R b AR . BRAE BT ST RGE T2
W5 DR 9 £8P 28 21 i J2 V5 52 ) B A A AR TR
K, HE R AR R 25 A5 M AE DRI & 0 AL ok

HEMAER . AR5 L PR IR R4 L GCIPLR
JE TR, v RE S R IR, e S
GCIPLZEM B YE, RPN | % B FIR 20k
KRB A S0 B PR 4H G CIP LS J& ik
/U B R MR N B 1245 o RERIEANA T M b
J5 GCIPL T [ 38 fpe e, LB, LA 155 il
A R I R T U s W R R 5
BRI i 2L, SR A R S B TR
JE R PR B iy, 3k 6 AR Ak T HE R e b DR g R
PRI o 22 G L 2 RN R SRR . AT gAY SRR R L
T FUT J5 P28 40 6% R TR R, BT AN R v
21 A X R RTT R B R, R AT R A 4 B
&, DA JEE AR R

WFFEU A AR LA AR AN, AN TR
FIREAR, W/ T I A S A JRUR: R X A
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B TFUR, MR R X GCIPLAY IR He VT 4L HE L
FAEJE B, ARBFSE KB AL MLARL A RS IR
I SR ML F3 473 45 A L 45 B DR R R B S 1 G CIPL Y A%
1k, R R FIAL S 52 00 G CIPL ) Ji 75 Ak f 3 5 Ay
fal N2, W24 & PP 1EGCIPLIE T [+
TR M RIVE R . W AT 8 — 20 A9 A1 210 B oY
KA e Heam UIBLH .

ZHRER TN & . FRRB, SBP K
GCIPLJE W EGCIPLAL G N & . SBPHE N
M P SN 2w s B, BEAE Sk [20-21] & B
AR 1 SAF () 5 IR R P G CIP LS 1 -5 08 19 5% 1l 37
/0 G S5 AE DG o OB S R 4 B P R I R R AR
95 B e T R Y OGN &R, LI s 1 AR
W Z A REAEAE S A EAE T, RIRE 1%
1] i & AR AR IR R . R EDRIAY
i F AT BEHF S DRIV T2 o

AW FEAEAE— 2 W R PR . 1) X T 05 IR 9% R
R R HbATcHYZE R, AT % 18 2 i % 3h 45 A
£, PR ORI, B R AR ] RE A
RIMGCIPLEE %, 2)BARELIRK B AMOCT
A HERE T LR R S R N, HR R
oA LEF SRR OE A HEBR T AE T OCIR AT AR
Al HEZsXT GCIPLIE A R A5 . 3) KA A
FERF I8 IR AT A B R e KA, nTRE S s
12T LE L G AR R, 5 B AR R
i, B AR S5 SR A 23 38 W™ R

AT K PRBE PR B E GCIPL Y T B il B S
BRI 1245 o [R]BFA7 A2 15 PR 9 A L5 2 G CIPL
01400 R R A R N 22 , 2 R B DR VS R 3T IR AE
GCIPLA M A [ VEH o

FF A 3R B 7S B

ASCIE H TR Z A I (Creative
Commons) s fﬁlq:% =R RS (BY)—ﬂlfﬁﬂ[L
PEAE I (NC)-2E 111 2% (ND) (CC BY-NC-ND) % J5 5
err B VRS =5 W AR TR SR SR AT A2
KAy FENE . R R TR EGE R R R4 )
VAVINE i S ERE e =P ok AV KPSt R (SR S AN

PR FAER M E H . AT ZEAE . TR
] https://creativecommons.org/licenses/by-nc-
nd/4.0/ .

S5 3k

1. Holden BA, Fricke TR, Wilson DA, et al. Global prevalence of myopia
and high myopia and temporal trends from 2000 through 2050[]J].
Ophthalmology, 2016, 123(S): 1036-1042.

2. ZhaoJ,Pan X, Sui R, et al. Refractive error study in children: results from
Shunyi District, China[ J]. Am J Ophthalmol, 2000, 129(4): 427-43S5.

3. HeM, ZengJ, Liu Y, et al. Refractive error and visual impairment in
urban children in southern chinal J]. Invest Ophthalmol Vis Sci, 2004,
45(3): 793-799.

4. SunJ, ZhouJ, Zhao P, et al. High prevalence of myopia and high myopia
in 5060 Chinese university students in Shanghai[ J]. Invest Ophthalmol
Vis Sci, 2012, 53(12): 7504-7509.

5. HuY, Zhao F, Ding X, et al. Rates of myopia development in young
Chinese schoolchildren during the outbreak of COVID-19[J]. JAMA
Ophthalmol, 2021, 139(10): 1115-1121.

6. WRZE, frfifkl, T35, 45 2021 F20304E K [H6~18 % AR T HLIR

SEARETOM M ()] ThAEIRN K, 2021, 57(4): 261-267.
CHEN Jun, HE Xiangui, WANG Jingjing, et al. Forcasting the
prevalence of myopia among students aged 6-18 years in China from
2021 to 2030[J]. Chinese Journal of Ophthalmology, 2021, 57(4):
261-267.

7. Wang JJ, Mitchell P, Smith W. Refractive error and age-related
maculopathy: the Blue Mountains Eye Study[ J]. Invest Ophthalmol Vis
Sci, 1998, 39(11): 2167-2171.

8. Haarman AEG, Enthoven CA, Tideman JWL, et al. The complications
of myopia: A review and meta-analysis[ J]. Invest Ophthalmol Vis Sci,
2020, 61(4): 49.

9. Jonas JB, Ang M, Cho P, et al. IMI prevention of myopia and its
progression[ J]. Invest Ophthalmol Vis Sci, 2021, 62(5): 6.

10. Wang L, Gao P, Zhang M, et al. Prevalence and ethnic pattern of
diabetes and prediabetes in China in 2013[J]. JAMA, 2017, 317(24):
2515-2523.

11. LiY, Teng D, Shi X, et al. Prevalence of diabetes recorded in mainland
China using 2018 diagnostic criteria from the American Diabetes
Association: national cross sectional study[ J]. BMJ, 2020, 369: m997.

12.  writing committee of the report on cardiovascular health and diseases

in china. Report on Cardiovascular Health and Diseases in China 2021:


https://creativecommons.org/licenses/by-nc-nd/4.0/
https://creativecommons.org/licenses/by-nc-nd/4.0/

TS BEPRI A B BECTY A - W MARIZIE B i AR R GRS B, 45 917

13.

14.

15.

16.

17.

18.

An Updated Summary][ J]. Biomed Environ Sci, 2022, 35(7): 573-603.
Teo ZL, Tham YC, Yu M, et al. Global prevalence of diabetic
retinopathy and projection of burden through 2045: Systematic review
and meta-analysis[ J]. Ophthalmology, 2021, 128(11): 1580-1591.
Song P, Yu J, Chan KY, et al. Prevalence, risk factors and burden of
diabetic retinopathy in China: a systematic review and meta-analysis| J].
J Glob Health, 2018, 8(1): 010803.

Soni D, Sagar P, Takkar B. Diabetic retinal neurodegeneration as a form
of diabetic retinopathy/[ J]. Int Ophthalmol, 2021, 41(9): 3223-3248.
Wang X, Tang L, Gao L, et al. Myopia and diabetic retinopathy: A
systematic review and meta-analysis[ J]. Diabetes Res Clin Pract, 2016,
111:1-9.

Lim HB, Shin YI, Lee MW, et al. Association of myopia with
peripapillary retinal nerve fiber layer thickness in diabetic patients
without diabetic retinopathy[J]. Invest Ophthalmol Vis Sci, 2020,
61(10): 30.

Lee MW, Lim HB, Koo HM, et al. Association of high myopia with

peripapillary retinal nerve fiber layer in patients with hypertension[J].

A5 A ERE, X4, E2AE, B, A, B0, U S
PR N BT D1 240 - A DR V22 B P 1) 22 A ) DGR W5 E (1]
TRAI=4R, 2022, 37(12): 909-917. doi: 10.3978 /j.issn.1000-4432.2022.11.09
Cite this article as: WANG Lili, XUAN Meng, WANG Lanhua, HU Yin,
WANG Wei, HUANG Wenyong. Association of myopia with the macular
ganglion cell layer and inner plexiform layer in diabetic patients: A
longitudinal study[ J]. Yan Ke Xue Bao, 2022, 37(12): 909-917. doi: 10.3978/
jissn.1000-4432.2022.11.09

19.

20.

21.

22.

PL0S One, 2021, 16(8): €0256131.

Lim LS, Cheung CY, Lin X, et al. Influence of refractive error and axial
length on retinal vessel geometric characteristics( J]. Invest Ophthalmol
Vis Sci, 2011, 52(2): 669-678.

Lim HB, Lee MW, Park JH, et al. Changes in ganglion cell-inner
plexiform layer thickness and retinal microvasculature in hypertension:
An optical coherence tomography angiography study[J]. Am J
Ophthalmol, 2019, 199: 167-176.

Lee WH, Lee MW, Lim HB, et al. Longitudinal changes in the thickness
of the ganglion cell-inner plexiform layer in patients with hypertension:
a 4-year prospective observational study[ J]. Acta Ophthalmol, 2020,
98(4): e479-e486.

Patel DM, Bose M, Cooper ME. Glucose and blood pressure-
dependent pathways-the progression of diabetic kidney disease[]J]. Int
J Mol Sci, 2020, 21(6): 2218.

(RERE: TR, RERE: FHH)



