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[ ABSTRACT | Aim To observe the thickness variation of retinal nerve fiber layer (RNFL) and ganglion cell com-
plex (GCC) in type 2 diabetes mellitus (T2DM) patients. To analyze the correlation of retinal neural structure parame-
ters and microcirculation parameters. Methods This was a cross-sectional retrospective study including 45 T2DM pa-
tients (71 eyes) and 36 healthy controls (68 eyes). The optical coherence tomography angiography (OCTA) was used to
examine GCC thickness, RNFL thickness, microvascular density of retinal superior capillary plexus, retinal deep capillary
plexus and choroidal capillary plexus.  Then the RNFL and GCC thickness changes were observed in the diabetic retinopa-
thy ( DR) patients of different stages, furthermore, the correlation was analyzed between these parameters and

microvascular density. Results Compared with the control group, the focal loss volume (FLV, P=0.00) and global
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loss volume (GLV, P=0.00) of GCC thickness increased significantly in NDR group ( DM patients without DR) , so FLV
and GLV might be the potential sensitive parameters to assess early loss of retinal ganglion cell (RGC) in NDR patients.

Compared with the control group, the RNFL thickness decreased initially in the inferior and nasal quadrant in the patients
with mild non-proliferative DR (NPDR) and moderate NPDR (P=0.00) , implying the more susceptibility regions for RN-
FL loss. In the severe NPDR group, the nasal RNFL thickness were still thinner (P=0.00), whereas the inferior and
temporal RNFL thickness went up significantly, compared with the control group (P=0.00). In the PDR group, RNFL
and GCC thickness in most regions were thicker than the control group, which might be relevant to retina thickening caused
by the edema of retina. ~ This might be supported by the positive correlation between the GCC/RNFL thickness and the ret-
inal thickness revealed by the Spearman correlation analysis. In addition, the GCC and RNFL thickness were negatively

correlated with retinal superficial capillary plexus( SCP) density, the deep capillary plexus ( DCP) density and choroidal
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capillary plexus (CCP) density.

GLV in GCC thickness might be the potential sensitive parameters to assess early loss of RGC.

progress of DR, the RNFL thickness tends to drop down influentially, then goes up finally.

and longitudinal clinical researches are needed.

13 DRI A0 I 9% 4E ( diabetic retinopathy , DR) 4
WEFRIA ( diabetes mellitus, DM) & WL B4 7™ 5 I K FEZ
— AN I 32 B R T I A A ) — g
Mk R AR T I A B AP s 22
A5V AT R AE R AE MR B R A Z AT RIS
50% FPL I 5S4 221 40 I 0 T 2 R, T RE 5 o B
PRI =22 5 200 1 A DA B P 5 22 6 400 L P\ (su-
perficial capillary plexus, SCP) | 7 [6] )2 & 41 il 5 M\
(middle capillary plexus, MCP) DL X R Z B 40115 A
(deep capillary plexus,DCP) % BEAH SR Se# T
Wi Z 45 103 B H AR (optical coherence tomography
angiography , OCTA ) N7 FH'*) | Sk LA i g A oft 4
2 RO AR AR A T TP AR R
JH OCTA , K5 1 25775 20 i 52 514 ( ganglion cell com-
plex, GCC) JE BE L ¥ 5 it 28 £F 4k )22 (retinal nerve
fiber layer, RNFL) J5 BZ , 73 B B 41755 10 o0 JI5 ik 245 Ji
LA MAE3 FE AH OCOC & R E AN TR 43 181 19 DR
e 2 SR U2 N (K= o

1 FERMTE

1.1 HRMK

KRN B TR TR, LB MR EEN
FEW#AT AR HAFHE _ERBEEZRS
WamHE, TAXAREARERAXHAREW
R FRBREEERE,

2017510 AZ 12 ATHPEAFHE_ER
Yy 2 AR E (type 2 diabetes mellitus, T2DM )
BHENFRNEZ, IR . OF 42014 FxE
A R R T2 ( American Diabetes Association, ADA) &
AH 2 AR AE L AES QB A K KF

Conclusion Local loss of GCC occurred in advance of the presence of DR, FLV and

With the development and

Therefore, further prospective

R E;QRAREMY G R FN . T &, #
RirE . OFRRFEEH =260 D;QAE M KR
ARQOQARBFREABRRABERA L, QR
JE =21 mmHg;® & F ot B 2 5 AL B R R ;@
JE>140/90 mmHg, DL F B H At /™ & R R MR E, W
B A BRER L, OEZIRIPETH
(Hm AR R SOt Ot Bk s T L R R R 4T K B B AR
VEGF #57) ;@™ Z ty Jf 1 R o, B 6 K, 28
MR SR SCIR A A R ROE B, 4B R G MR R OR A SER
Arpk B AR T BE B B AN R AR O X BB 4L, g AR R
K ORBREFEMNA =1.0; @R R EKREE
$<6.0 D; ORI IRE A Z AR R F ; @R
MEAEERERNFE OLEMRAMTER
SR
1.2 54

20 B e 7 0 RO AL R R R R HF R (eary
treatment diabetic retinopathy study, ETDRS ) '® 47 ¥ |
xBTS AT R HAT DR -, R A3 45 B 71 IR
H 4 4. OF A KT L E DR(no diabetic retinop-
athy, NDR) 41 16 7] 29 R ;D% J& 2 " J& 3 3 76 1 4
o A W B 9% & (mild and moderate non-proliferative
DR, mNPDR) 41 18 ] 27 iR ;D J& 4F 3§ 78 14 4 % 7
M FE % & ( severe non-proliferative DR, sNPDR) 41 5
17 R ;@3 78 M A JR AR AL IR X (PDR) 416 151 8
iR, % ER 413 36 ] 68 R,
1.3 WARFE

FraEHRNZHEE R FE 0REREMAT
AR RE RS LA, 8 1F R EH EN S (best cor-
rected visual acuity, BCVA) [ % A T #4L 4 &, Y&
/N HE A X A A7 % (logarithm of minimal angle of
resolution, logMAR ) % 7~ ] . iR ¥ JE (intraocular pres-
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sure,IOP; dF Ak AR JE1T) VR AT ¥ R BT A& ar
BERTRELE, B EaFd et il
IR FE A8 (OCTA %

ZR# 3 )5 A 7 Ak SD-OCTA (RTVue-
XR, Optovue Inc, Fremont, CA, USA) , R BL L T %
W, OFEHBNANEEE S B 4 FENHNEE
B .GCC BB RNFL & JZ ; QHL I FE ik 2 & o fn %
LA R & R 4t E AN (SCP) B B AT I
JEREE @t I (DCP) 5 B U R k4 i & & 41
1% M ( choroidal capillary plexus, CCP) % & % %
KUY REALFE 345 mm HEW 6 MNEHA
Fifn 8 AN& MR MK, T H RNFL B RiE#
P 7 mmx7 mm X AL, TE GCC EE,
K% RTVue SD-OCT H i 8 fF R 4t , it & GCC #y %
K E kKR (global loss volume , GLV ) #1 & 3 % %k &
# (focal loss volume ,FLV) "
1.4 SritFareE

R R (es) KT, BAHENEED
EFE 3K, #it FHI(F4) 3 Brown-Forsythe 4
Te(=Z4) RN 7 £5 M, ESSAHHEXA
Shapiro-Wilk & 3 94T 47, W RAF & ES 94 H
G, K F AR B Student ¢ 30 B 4T 7 41 14] tY
3 A, & U] 2k | Mann-Whitney U 3 2 %% A0 36 4
M4 2 ] 8y 2 7, K A Spearman 78 X P AT
R 4LH GCC 53 5 RNFL 25 2 B ey 4 X, P

F1. SHEN—RHR
Table 1. General data of each group

<0.05 HZRARITFE L, KA SPSS 22.0 #%
AT RATE 2 R EA,

2 & R
2.1 —mER
X B2 1B PR 9 21 - 239 45 1% 53 51 A7 (50. 12 +

8.76) % (56.69+8.93) %, 55 L I 435Il 33/
35 1 37/34, K bE IR 44 DR 3t — 2
NDR #H (29 HE) .mNPDR #H (27 iR ) .sNPDR 4 (7
i) PDR 41 (8 HR) , A4l #s Ml Fe e B
77 1ogMAR {8 HR AR R FE UL R 1, 5% R4
AL, 2% 4 £ 35 PR B B HE R 1 3 TE e 2% 2
5%, PDR ZH AR R A o xS B WS G, T B T PDR 41
BB R Fo A AL B AR K, Bk PDR 414h
XA =S WA S E L (P<0.05), 5
NDR 4 E L, sNPDR 21 (P =0.013) il PDR #H
(P=0.042) BF W7 5 F R, v RE Tk 28 0t e
ML) 8 5 N AEGE > 38, 5 mNPDR
ZHAH I, sNPDR M IR R IE S | 22 5 A Gi it
B X (P=0.023), 0] & Hy T 5 R R 3G 5 1 PR o R
POR A A 5 L A1 R PR o R B D O AE )
BTt SRINE 0 A0 45 5 A5 W DR i i 5 Xof 400 XK B o
et R e EAN b AL

— R X HE2H (68 1)) NDR 4 (29 i) mNPDR 4 (27 HE) sNPDR#H(7HE) PDRZH(8IHR)
AEIR () 50.12+8.76 56.50+8. 02" 57.00+8.75° 59.86+7.53" 53.60+14.33
B4 () 33/35 12/17 17/10 4/3 4/4
BAEFRIEM ST (logMAR) 0.1320.21 0.1120.15 0.22+0.29 0.31+0.23" 0.5420. 46"
MR (mmHg) 15.97+2.04 14.76+2. 44 16.01+3.22 16.14+3.82 13.51+1.65*
DM Ji 2 (4F) — 7.34%4.64 6.63+4.32 11.63+6.94° 10.32+7.91

a ;g P<0.05, 5% R84 L4 ;b g P<0.05, 5 NDR 415 ;¢ S P<0. 05,5 mNPDR 41 L4,

2.2 EWMAMNEETHRESEEE

GCC JBFEAL4E GCC SRR (total GCC thickness,
tGCC) . I 77 GCC J& & (superior GCC thickness,
sGCC) . F 77 GCC J& FE (inferior GCC thickness,
iGCC) | Jay ¥ & 2R A& B (FLV ) Fl % f& X 2% R FR
(GLV), 5XtHEZHAH L, NDR 41/ FLV Al GLV &
FHE (P 11<0.05), PDR 4019 GCC J& J¥ £ 4%
tGCC sGCC iGCC ¥4, i FLV 5 GLV />, 2 5
HGit# 2 X (P ¥<0.05), 5 NDR 40 4H L,

mNPDR 4 FLV /> ,PDR 20 GCC JEEE AN FLV
A GLV Yk /> (P<0.05) . 5 mNPDR 414H 11, PDR
2H GCC JEFEERGN, GLV Ji /b (P<0.05;%2)
2.3 HEFABEUMEREHETEREE

RNFL J& J¥ 43 4§ - ¥ RNFL J& & ( Avg RNFL
thickness ) 2B RNFL BB ( Avg superior
RNFL) F1F 2 &8 43 ¥ ¥ RNFL JE £ ( Avg inferior
RNFL) ; 40 73 24 bl & B} RNFL J& J& ( superior
RNFL) \ T4 R RNFL J& ¥ (inferior RNFL) | &4l
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SR RNFL J£Z (nasal RNFL) Ul FR RNFL J5
J (temporal RNFL) ., 5 X} FEZHAH kL, 7E NDR 2 #
mNPDR 21 1 9 ] A1 5 i) 52 B RNFL A8 # (P <
0.05) ;£ sNPDR 41 &4l 5 fE RNFL {398 25 3 (P
<0.05) , fHFH M, T M 5 PR RNFL S [m] 3 & (P <
0.05) ;7€ PDR 41+, B 15 FR RNFL JC i #4281k

F2. SEEWRTHETHRESHTSH

Table 2. The GCC parameters in macula of each group

DIA , HAB A FR RNFL B B8, 2 R A it 7w X
(P<0.05), 7EAABRILE T, 5 NDR 414 L,
sNPDR ZH |4 F RNFL 3452 PDR AP &4 45 )2
Br_ LG RR A4z 342 5 mNPDR 4HAH L, PDR
PR LT Y2 LR BRAMISR T 2 )R, 22 571
At X (P<0.05;3K3) .

T A MR SRS AL Yot HE4H (68 R) NDR ZH(29 f}) mNPDR £H(27 l}) sNPDRZ(7FfR) PDR 4 (8R)
SJEEE (um) 101.54+5.49 100.04£10.27 104.85+13.32 111.10423.38  139.75+39. 11"
IR (pum) 101.69+5.93 100.23+9.53 104.33+13.36 108.04£16.00  141.72+42.06™
T 5B (um) 101.40+5.37 99.86+11.78 105.27+14.69 114.18+31.48  137.80+37. 16"
JREBE AT % ) 0.56+0.40 1.35+1.75" 1.09+2.05" 1.21+1.39 0.47+0.86™
IR ERAEI (%) 1.17+1.28 2.93+4.38° 1.78+2.94 1.66+2.01 0.83+1.84"
a N P<0.05, 5% L 4 ;b 9 P<0. 05,5 NDR 4% ;¢ S8 P<0. 05,5 mNPDR 20 Ho %,

R3. RANERBENNMBEHETRZEE

Table 3. The RNFL parameters of retina around optic disc in each group

L2 2 (um) FHRZH (68 R ) NDR £H (29 fiR)

mNPDR 41 (27 HR) sNPDR ZH(7 &) PDR 41(8 HR)

IR 110. 68+7. 42 109.72+9.70 108.15+10.25 117.50+34.27  138.63+45.25"
RSP R IR 113.68+8.77 113.28+11.49 110.70+11.95 119.83+31.99  139.50+50. 90"
AR PR R 107.69+7. 02 106.03+8. 97 105.37+10.70 115.00+36.42  137.88+41. 82"
SR BRI 137.56+12. 15 136.62+15.61 135.5915. 11 133.67+23.64  147.63+38.16
A G R JE 82.63+8.28 84.83+9.17 84.96+9. 83 100.83+33.05°  131.38x60.79%*
TG PRIR 139.28+10.03  121.58+12.64"  132.93x14.01"  149.56+33.44" 156.13+40.57""
SR BRI 109.77+8.25 80.38+10.07" 83.96+12.75° 100. 67+48.94"  119.75+57.90"
a N P<0.05, 5% BZH L4 ;b 9 P<0. 05,5 NDR 4 %8 ; ¢ N P<0.05,5 mNPDR 4H 4%,

2.4 METHRESHKEERMEFAUEREEES JEJE (inferior) , 5 XTHEZLAH L, NDR £8 5 35 B 55380

0 ) B Bk £ BR 1 I 5 %5 FE 2 18] B9 Spearman 18 k%
S

% SCP . DCP .CCP PRIk L IR 2H fif 1 &
FHycE" . NDR B GCC JBESHh R FLV
M GLV, H A 505 0L W ok 45 15 45 )2 6 400 1
(G145 SCP DCP ,CCP) % R ARG, Kb
SCP % Ji i A OC R B w1 5 Ho RNFL 20T B A
LR T MR RIEE SN, Hax 2805 DCP il CCP
WA (L4 FEKS)
2.5 EWIBUMEEE

BERE B O )RS JEE R A AR B BE O 1R
(foveal ) FEHESE H1.0 MR JE (par-fov) | L2540 &
B (sup-hemi) | F 238530 )8 B (inf-hemi ) | H7 Y 8 B
X JE B (central ) il % PR JE FE (temperior) | [ N4
FRJELBE (superior) | & 52 B BE (nasal ) | T il 5 fR

) 52 A S B2 JEE BE ik 35 5 3, sNPDR 2H 5 o M1
JEERE L T B ) 2 B EE B RS B B G R
PDR 83 2 BE AL 0 B2 B 2 8038 1 2 15 (P <
0.05), fErg bt , 5 NDR &% #H b, mNPDR
21T 230 40 B B R R AT 0 5 B o BT R R ) W
H4JE  sNPDR ZH B 35 0 52 PR B 0 JE2 B dd 3 S ( P
<0.05) ; Heard |l i H B LG22 5 (P>
0.05;3 6) . & BEH LM IR JE B 5 GCC R A
RNFL J2 RS IEASE (B 1 A 2) . 78 DR FEFRE 1K)
B, 7K e 1 JEE (4 A P 25 5 1) GCC L J% RNFL 119
JERE A LLf#BE GCC Ml RNFL fE4%/ 1 NPDR i
HASH, MAE T NPDR Al PDR B HI R, Hit
GCC 1 RNFL J& 8 I A BEVE ) S Wi g He o it
o A 25 A0 5 2 A P AR B Bk N i i — 2
W5, SR R rTFE IR R S50,
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F4. TUMRFEZHMEREEE GCC EES SCP.DCP & CCP ZEH) Spearman 18X £ 547
Table 4. Correlation analysis of GCC thickness and SCP,DCP,CCP density parameters in NDR patients by Spearman’s analysis

L T AN AR e o 227 A 5 AR SR
RIERE LHEE THEE REE LHEE THEE

RZ BN B BHESS L 1] -0.38°  -0.40° —0.43¢
PSS L ] -0.47°  -0.43° -0.47° e i -0.36"  -0.38° -0.45°
S S -0.51°  -0.48° -0.51° U5 B -0.44°  -0.40° -0.39°
TAER A -0.38°  -0.34"  -0.39° B SBR -0.35° -0.21 -0.26"
S5 bR -0.46°  -0.44° —0.46° || k4 6 40 1l A A EE
SRR -0.48°  -0.46° -0.47° BEBES LM -0.37°  -0.41° -0.33"
Sg R -0.45°  -0.40°  -0.48° e i -0.22  -0.35" -0.26
TG RR -0.28*  -0.26" -0.29" TR -0.41°  -0.40° -0.37°

2B N g R -0.26"  -0.38° -0.42°
HEBE O M -0.39°  -0.28 -0.30" IR -0.33"  -0.29° -0.34"

B R ;2 S P<0.05,b S P<O0.

01,c¢ A P<0.001,

x5, TUMEFRERHER K EE R RNFL EE S DCP K CCP % E#) Spearman 18X £ 5347
Table 5. Correlation analysis of RNFL thickness with DCP and CCP density in NDR patients by Spearman’ s analysis

LT Y R R
N A5 2%
PR FARESEIEE R ERERE BMEIREE SR RREE
TRIZE AN ML B S
BEBESE 0 M -0.40" -0.38" -0.40" -0.43¢ -0.44°
R -0.36" -0.34" -0.36" -0.39" -0.45°
TEER AT -0.42° -0.40" -0.42° -0.44° -0.49°
U 5 B -0.38" -0.34" -0.40" -0.40" -0.46°
AR -0.28° -0.25" -0.30* -0.29° -0.36"
SRR -0.47° -0.47° -0.46° -0.53° -0.55°
TG R -0.34" -0.32" -0.33" -0.35" -0.39"
ok 4 HEL 2 6 40 1t A DA
BEBESE 0 U] -0.26" -0.27* -0.24° -0.24 -0.31°
i -0.23 -0.25° -0.20 -0.23 -0.26"
TR -0.26" -0.25" -0.25" -0.23 -0.32"
B RR -0.31" -0.30° -0.30" -0.29° -0.36"
ERER -0.27* -0.26* -0.26" -0.24" -0.32"

R EE R r ;2 A P<0.05,b 4 P<0.

F6. ZEBEBIEMAMEEE

01,c 4 P<0.001,

Table 6. Macular retinal thickness in patients of each group

BRI ()

X HRZH (68 HR)

NDR 4 (29 IR)

mNPDR 24 (27 iR)

sNPDR 1 (7 H})

PDR 41(8 HR)

B[S
BRESS L 1R

PR AR
Hh e B BRE X

238.84x19.62
320.47+13.32
ER AR 321.52+13.06
319.73+13.81
300. 14+13.22
U G PR 311.55£13.61

238.76+43. 61
312.54+31.12
315.12+41.91
309. 84+25.07
294.11+32.84
302.93+28. 93"

G B R 325.32+13.00 320.82+49.12
B 5 RR R 323.94+15.02 314.82+34.41
TS R R 321.31+14.40 311.53+24.61°

253.33+45.73
325.13+25.06
325.12+25.13
325.31£26.27"
307.26+28. 86
319. 11+37.44
327.91+23.92
327.52+19.91
325.93+25.32"

323.01+116.92*
356.66+76.52
348.42+53. 50
364.41+100. 88
348.14+85.76
332.92+35.23"
348.93+46.91
376.03+117.20*
367.89+110.51*

366.10+169.41*
408.48+121.91°
417.41+128.43"°
400.03+117.67°
398.11+133.40*
386.27+113. 14"
411.46+114.23"°
446.82+174.91°
389.93+104.20"

a i P<0.05, 5%F B4 L # ;b i P<0. 05,5 NDR 41 L4,
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Figure 1. Correlation between the parafoveally thickness

and total GCC thickness by Spearman’ s analysis
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FL thickness by Spearman’ s analysis
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DR AL IO 5 2 5 50114 B BREK i B B A R
ML FZE 7 A O ) 5 e 5 2 SRR 0 R e 1 1 2 2
JELEA 2T M DR 1 S AR, AL i R o 5
8 LA, TR L 3 2 W A0 ) o 22 2 o 22 I T 44
/I 5 200 L F) 45 A4 AN D RE A HE e 2R AR PR R 2%
5 L EENE I REM R E"

IR R AH G Y IR S AIF 5 2 R AR T ALK
WA A4k, EIE O ST ARGE , & JF 808 A5 JF
B PRI R 1) 5595 78 PO B DR S8 L 2 R A T BB
P IR0 S R R JRE B AN [ )2 R B ) 28 Ak, 40
P2 WORIRL I 0 2 8 S ) BE 5 K B, 7R PR AL

Do s A 1k AR e A0 T B 0L A 95 A8 =2 i BV H B 22
IW: S5 RO E 2 v 1 ORI R 1 e gt SRS
B AR 2 i R 22— H B
DR ot 2 24 L 1 25 2 ] B S BT 3 B R s TR T
7 BT B0 B I SRS

N AR A OCTA F AR AR L3R B
TR GCC JE B2 AN AL 4% J8] BBl RNFL JE B 45 40 D) i ot
2 ER AR Y RE i 8 T LA BE AR AR o 7 )2
BN )2 T A0 L5 N k6 )2 6 41 i 4
DAY I 38 %85 3 45 A0 T T Al 0 2 A A L, 125>
1E, 56 TFHE PR 8 5 A0 0 TS ARl i A5 9 A8 -5 400 T e o
2 eEN 22 18] 56 R B ARGE A X D AR BESY B E
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