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[ Abstract] Objective To investigate the effect of low density lipoprotein cholesterol ( LDL-C) on the
progression of retinal arteriosclerosis by using a deep learning model. Methods A cohort study was performed. Data of
1 928 individuals who underwent the medical examination at Beijing Yijiandian Clinic between January 2016 and August
2023 were reviewed , including baseline demographics, physical examination, serological test and fundus photography.
Retinal arteriosclerosis was identified using a deep learning model. Five groups were divided according to LDL-C levels,

including 389 subjects in group 1 (0. 64—1.90 mmol/L) ,387 subjects in group 2 (1.91-2.26 mmol/L) ,384 subjects
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in group 3 (2.27-2.57 mmol/L) ,385 subjects in group 4 (2.58-2.95 mmol/L) ,and 383 subjects in group 5 (2. 96—
6.06 mmol/L). The association between LDL-C levels and progression of retinal arteriosclerosis and the dose-response
relationship were analyzed by logistic regression analysis and restricted cubic spline (RCS) regression model. This study
adhered to the Declaration of Helsinki. The study protocol was approved by the Ethics Committee of Peking University
People’s Hospital ( No.2021PHB058-001). Written informed consent was obtained from each subject. ~ Results The
incidence of retinal arteriosclerosis progression was 22.10% (426/1 928) during the mean follow-up ( 66.84 +
6.58) months. The proportions of fundus progression in groups 1,2,3,4,and 5 were 15.68% (61/389),21.71%
(84/387),21.35% (82/384),25.71% (99/385) , and 26.11% ( 100/383 ) , respectively, with statistical significant
differences among them (X* =15.97, P =0.003). Using group 1 as a reference, LDL-C 2.58-2.95 mmol/L was an
independent risk factor for progression of retinal arteriosclerosis (OR=1.52,95%CI;1.04-2.22) ,and RCS analysis
showed an "L" shaped association. The effect of LDL-C on retinal arteriosclerosis showed a threshold effect, with the

risk of retinal arteriosclerosis progression increasing with increasing LDL-C when LDL-C was <2.34 mmol/L (OR=

1.97,95%CI ;1. 10-3. 62) ,and stabilizing when LDL-C was =2. 34 mmol/L.

Conclusions LDL-C has a threshold

effect on the impact of retinal arteriosclerosis progression,and the threshold is 2. 34 mmol/L.
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Figure 1 Different grades of retinal arteriosclerosis A, B:Normal
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fundus C, D: Mild retinal arteriosclerosis  E, F: Moderate to severe

retinal arteriosclerosis Note:A,C,and E were from right eyes and B,D,

and F were from left eyes
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0.003) . HH# FK/AF LDL-C AR, & LDL-C /K A
HHIE R T PN RN A L S NS TN (RE A ]
=, BMIH =i 25 Bl L PR K ULIE L R K 3
=, HDL-C K F- A, 22 5 99 A i it 7 8 (3 P<
0.05)(F£ 1),
2.4 LDL-C 7K V-5 WL 159 J 3 Jok A58 A 12F i ) SR B A
FEVFEE S Al AR R R O s BMTH
=g HDL-C, JR 3 . L BF . JR B2 45 IR 2% B R e, U
LDL-C %5 1 p 44 4E 52 I, LDL-C 2 4 73 211 OR {H
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2.57 mmol/L.)384 A ,% 4 434H (2.58~2.95 mmol/L)
385 N,58 5 4r4H (2.96~6. 06 mmol/L)383 A,

{HH 1.45(95%CI:0.99~2.12) ,LDL-C 4 4 4341, RBj
LDL-C 2.58~2.95 mmol/L 21 ™ & zh ik i 4k o & i)
ML ERFE 2R, Hah, EEIREE G $ 7~ LDL-C

2.3 BYUR IR I A B0 B S AR H A KO 1 mmol /L, L I¥0 [ 5 Ik B8 1L 34 i SR 384 18%
512345 0HZXERIKELIHERNIL  (OR=1.18,95%CI.0.99~1.40) (3£ 2) .
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Table 1 Comparison of baseline data among different groups

13 i A ] Fi 5 1] AR ] o 1L B IR L BMI
- (01,0, %1 (B/%,m" [M(Q.0:) AT [n(®0)]"  [a(%)]" [(%)])"  [a(®)]"  [n(%)]) [M(01,0) kg/m®]*
104 389 34(29,39) 147/242 63(60,72) 29(7.47) 32(8.25) 153(39.33) 67(17.22) 22(5.66) 21.5(19.6,23.7)
204 387 35(30,40) 162/225 65(60,72) 29(7.49) 40(10.34) 146(37.73) 73(18.86) 28(7.24) 21.8(20.2,23.9)
304 384 35(31,42) 176/208 66(60,72) 27(17.05) 34(8.88) 139(36.20) 64(16.67) 23(5.99) 22.9(20.7,25.2)
Hand 385 36(32,43) 220/165 66(60,72) 36(9.38) 48(12.50) 160(41.67) 77(20.05) 30(7.81) 24.0(21.8,26.5)
FSH 383 38(33,46) 245/138 69(61,72) 57(14.96) 54(14.17) 186(48.69) 80(20.94) 35(9.16) 24.4(22.5,26.4)
HXC G 69. 65 73.48 15.59 19.89 9.82 15.20 3388 4.607 185. 80
Py <0.001 <0.001 0. 004 <0.001 0. 044 0.004 0.505 0.323 <0.001

- = ik N 7 i % 7 MR %
a1 _— i = T HDL-C 6 1Lk % A RR -

[M(Q,,05) ,mmol/L]" [M(Q;,Q5),mmol/L]" [M(Q,,05),mmol/L]" [M(Q,,05),mmol/L]" [M(Q,,05),umol/L]" [M(Q,,05),umol/L]" [M(Q,,Q5),pmol/L]"

B 389 0.74(0.53,1.07) 1.54(1.29,1.79) 5.16(4.91,5.47) 4.04(3.47,4.81)  59.60(51.07,71.74) 293.21(247.83,351.58) 15.59(11.80,19.90)

24 387 0.82(0.63,1.17) 1.53(1.29,1.75) 5.16(4.92,5.48) 4.12(3.43,4.81) 59.38(51.84,73.13) 294.72(253.41,358.70) 15.00(11.50,20.20)

344 384 0.97(0.70,1.36) 1.50(1.29,1.74) 5.20(4.96,5.47) 4.20(3.50,5.03)  63.48(53.99,74.16) 316.44(262.65,387.94) 14.90(12.28,19.50)

AN 385 1.18(0.81,1.82) 1.44(1.25,1.66) 5.32(5.04,5.62) 4.41(3.73,5.08)  67.10(56.22,77.51) 345.94(284.30,403.07) 15.50(11.90,19.40)

§SAM 383 1.36(0.94,1.80) 1.43(1.30,1.64) 5.33(5.09,5. 69) 4.46(3.80,5.25)  70.13(57.02,78.91) 364.04(295.08,415.85) 15.31(12.20,19.40)
it 249.27 19.93 62. 80 36.08 62. 46 131.86 0.28
P <0.001 <0.001 <0.001 <0.001 <0.001 <0.001 0.991

¥ (a: Kruskal-Wallis H £ 365 b X B 56) % 1.2.3.4.5 441 LDL-C K F 4> 31 K 0.64~1.90, 1.91~2.26,2.27~2.57,2.58~2.95,
2.96~6.06 mmol/L  BMI: {4 it ft 415 % s HDL-C . 5 %% 5 i 2 14 /I & 72

Note: (a:Kruskal-Wallis H test,b;Xz test) LDL-C level was 0.64-1.90,1.91-2.26,2.27-2.57,2.58-2.95,2.96-6.06 mmol/L in groups 1,2,3,4,
5,respectively BMI:body mass index; HDL-C :high density lipoprotein cholesterol
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Table 2 Logistic regression analysis of LDL-C and progression of retinal arteriosclerosis

B 1 AL 2 B 3

OR 95%CI  P{H OR 95%CI  P{i OR 95%CI  P{i
Per 1 mmol/L 1.21 1.02-1.43 0.026 1.16 0.98-1.38 0.086 1.18 0.99-1.40 0.068
LDL-C( H4r41)
%1441 1.00 1.00 1. 00
552 1.45 1.00-2.10 0.050 1.45 0.99-2.12 0.058 1.43 0.97-2.09 0.068
%344 1.34 0.92-1.95 0.124 1.34 0.91-1.96 0.134  1.35 0.92-1.98 0.130
E | 1.64 1.14-2.36 0.008 1.50 1.03-2.19 0.035 1.52 1.04-2.22 0.032
%5 404l 1.53 1.06-2.21 0.024 1.43 0.98-2.08 0.067 1.45 0.99-2.12 0.058
LM P Y 0. 024 0. 104 0. 082

T AN 1 PR A AR s B 2 9 AP AR

JE BMIH i =& \HDL-C JR &R WLAF JRER 25 1.2,

2.27~2.57.2.58~2.95.2.96~6.06 mmol/L.  LDL-C:

TR I FE  BMIL 55 78 3 37 4 P ) 4 % L R A L RO L v
3.4.5 434 LDL-C /K435 5 0.64~1.90,1.91~2.26,
A% %% B i 25 11 H [ i 5 OR  FU AR BE 5 €T 7] {35 X ]
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97% ( OR 1.97, 95%CI,
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R P E 1 XSS T 2%

3 itig

Note: Model 1 adjusted for sex and age,Model 2 adjusted for sex,age, hypertension and BMI, Model 3 adjusted for

sex, age, smoking, alcohol use, hypertension, BMI, triglycerides, HDL-C , urea, creatinine and uric acid LDL-C level

was 0.64-1.90,1.91-2.26,2.27-2.57,2.58-2.95,2.96-6.06 mmol/L in groups 1,2,3,4,5, respectively

LDL-C:low density lipoprotein cholesterol; OR ; odds ratio; CI; confidence interval
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Figure 2 Dose-response relationship between LDL-C and
progression of retinal arteriosclerosis Adjusted for age,sex,smoking,
alcohol use, hypertension, BMI, triglycerides, HDL-C , urea, creatinine and
uric acid  OR: odds ratio; CI: confidence interval; LDL-C: low density

lipoprotein cholesterol
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