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[Abstract] Objective To investigate the effect of a high-fat diet on refractive development and ocular
biological characteristics in guinea pigs. Methods Sixteen 3-week-old SPF healthy male tricolor guinea pigs were

selected and randomly assigned to a normal control group and a high-fat diet group using a random number table, with
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8 animals in each group. The control group was fed a standard diet for 4 weeks (energy composition: fat 9. 1%,
carbohydrates 65.2%, protein 25. 7%), whereas the high-fat diet group was fed a high-fat diet for 4 weeks (energy
composition: fat 45.0%, carbohydrates 35.0%, protein 20.0%). Serum levels of total cholesterol (TC),
triglycerides (TG), high-density lipoprotein, and low-density lipoprotein (LDL) were measured using an automated
biochemical analyzer before dietary intervention and at week 4 after the intervention. The weight of guinea pigs were
measured using an animal weight meter. Before the intervention and at weeks 2 and 4 after the intervention, refractive
error was measured using a small-animal infrared automated refractometer; axial length was measured using an
ophthalmic ultrasound biometer; the corneal curvature radius (CCR) was measured using a keratometer; retinal
thickness (RT), choroidal thickness (ChT), and choroidal blood perfusion (ChBP) were measured using full-eye
optical coherence tomography. The differences in parameters and changes in refraction and axial length between the
two groups at different time points before and after intervention were compared, and the correlation of each parameter
was analyzed. All animal experiments were conducted in accordance with the guidelines of the Tianjin Medical
Experimental Animal Protection Center. The experimental protocol was approved by the Animal Ethics Committee of
Tianjin Eye Hospital (No. YSY-DWLL-2022249). Results There were significant overall differences in TC, TG,
and LDL between the two groups before and 4 weeks after intervention (TC: F,,,, =8.21, P<0.001; F,, =36.10,
P<0.001. TG: F,,,=6.60, P<0.05; F,, =11.71, P<0.01. LDL: F,,, =5.73, P<0.05 F,, =20.85,
P<0.001). Four weeks after intervention, TC, TG and LDL were higher in the high-fat diet group than in the normal

time

time group time

control group, with statistical significance (all P<0.01). There were statistically significant overall differences in
refractive power between the two groups before intervention, 2 and 4 weeks after intervention (F,,,, =24.97, P<
0.001; F,,.=96.77, P<0.001). At 2 and 4 weeks after intervention, the refractive power was lower in the high-fat
diet group than in the normal control group (both P<0.01). The refractive changes at 2 and 4 weeks after intervention
were respectively (=0.77+0.28) and (—1.15+0. 19) D in the normal control group and were (—2.26+0.35) and
(=2.16+0.21) D in the high-fat diet group, respectively, with statistically significant overall difference (F

time

group

22.32, P<0.001). The refractive power changes in the high-fat diet group were significantly greater than those in the
normal control group at 2 and 4 weeks after intervention (both P <0.01). There were statistically significant
=15.04, P<0.001; F,, =

lime

differences in axial length between the two groups before and after intervention (F,,,,
361.40, P<0.001). Four weeks after intervention, the axial length were greater in the high-fat diet group than in the
normal control group (P<0.001). There were statistically significant overall differences in RT, ChT, and ChBP
=30.63, 17.40, 85.21; all P<0.001). Two weeks after the intervention, RT and

ChBP in the high-fat diet group were lower than those in the normal control group (both P<0.01). Four weeks after

between the two groups (F,,,,
the intervention, RT, ChT, and ChBP in the high-fat diet group were lower than those in the normal control group
(all P<0.01). Correlation analysis showed that there was a significant negative correlation between refraction and
axial length (r=-0.84, P<0.001). ChT were positively correlated with ChBP and ChBP, RT, and ChT were
positively correlated with refraction (r=0.42, 0.56, 0.44, 0.37; all P<0.01). A high-fat diet
increases myopia susceptibility in guinea pigs and is accompanied by axial elongation and significant reductions in
RT, ChT, and ChBP.
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Figure 1 OCT scanning and analysis of guinea pig eyes A: OCT
scan images of guinea pig fundus The choroid was delineated from the
outer surface of the retinal pigment epithelium layer (upper blue line) to
the inner surface of the sclera (lower blue line), while the retina was
defined from the inner limiting membrane to the inner surface of the
retinal pigment epithelium layer (upper blue line). Tangential lines were
drawn at radii of 1 000, 1500, and 2 000 pm, and the intersections
with the choroidal boundary (blue line) were defined as measurement
points for choroidal thickness B: OCTA scan images of guinea pig
fundus  Red pixels indicated blood flow  OCT: optical coherence
tomography; OCTA: optical coherence tomography angiography
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Table 1 Comparison of blood lipid level and body weight between two groups before and 4 weeks after the intervention (x:xs)

§ TC(mmol/L) TG ( mmol/L) HDL( mmol/L)
215 FEAE — - - —
TRy FHiE 4 JH TRy FHijE 4 JA T THiG 4
TE % AR 8 0.93+0. 10 1.21+0. 18 0.61+0. 09 0.61+0.03 0.22=+0. 03 0.20=0. 02
IR 8 0.73%0. 07 2.29+0. 22" 0.53+0. 04 1.19+0. 17* 0. 18+0. 03 0.30+0. 06
) LDL( mmol/L) KT (g)
215 FEAE — S
T FHis 4 F TRy THE 4 F
1B X R 8 0.31=0. 07 0.50+0. 04 167.23+6. 48 288.22+18.74
IR 8 0.23+0. 05 1.18+0. 23" 174.21+8. 65 336.78+17. 88

TE:TC: Fygy =8. 21,P<0. 001 ; Fyyy =36. 10, P<0. 001 ; F gy gy = 17. 58, P<0. 01. TG : F gy = 6. 60, P<0. 055 Fyppq = 11. 71, P<0. 015 F ey pipg = 11. 53,
P<0.01. HDL: Fyyy=0.52,P>0.05; Fyyy = 1. 83, P>0.05; Fyerppppy = 3. 57, P>0.05. LDL: Fygy =5.73,P<0.05; Fyypy = 20. 85, P<0. 001 ; Foye gy =
9.21,P<0.01. 1KFE . Fyy=5.28,P>0.05; Fyypy =44. 33, P<0. 001 ; Fyerppepy =0. 93, P>0.05. 5 1F % % B4 H,* P<0. 01 ( Z 42 I 42 14 I 25 7 22 %
BT, Bonferroni A&ZIEAGSS)  TC. SIH B TG . H il = ; HDL. = % B JR & 14 ; LDL . AIN% BE fR A 1

Note: TC: F,,,,=8.21, P<0.001; F, =36.10, P<0.001; F, . n =17.58, P<0.01. TG: F,, =6.60, P<0.05; F, =11.71, P<0.01;
Fieraeion = 11. 53, P<0.01. HDL: F,, =0.52, P>0.05; Fy, =1.83, P>0.05; Fi, i =3-57, P>0.05. LDL: F,  =5.73, P<0.05; F,, =20.85,
P<0.001; Fiyepeiion =9- 21, P<0.01. Weight: F,, =5.28,P>0.05; Fy,. =44.33, P<0.001; F;,  cion =093, P>0.05. Compared with the normal control
group, “P<0.01 (Repeated measures two-way ANOVA, Bonferroni correction test) TC: total cholesterol; TG: triglyceride; HDL: high-density lipoprotein;
LDL: low-density lipoprotein
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Figure 2 Comparison of changes in refra?tlon an(f axial length WS 4 JEIS 4 RT A1 ChT SR FIE B WHIRZL  OCT 6 e M+
between two groups after 2 and 4 weeks of intervention (Repeated VTS24 s RT 00 X B JEL . G Jh % s JE i

measures‘ two—way‘ ANOVA, Bonferroni correction test; n = 8) A: Figure 3 OCT images of normal control group and high-fat diet
Changes in refraction  F,, = 22.32, P<0.001; Fy, =0.29, P> group before and at weeks 2 and 4 after dietary intervention The
0.05; Fieraction = 1. 10, P>0.05. Compared with the normal control RT and ChT at week 4 after dietary intervention were lower in the high-fat
aroup, “P<0.01 B: Change% in axial length  F,,, =3.38, P>0.05; diet group than those in the normal control group  OCT: optical

coherence tomography; RT: retinal thickness; ChT: choroidal thickness

=36.98, P<0.001; =16.28, P<0.001
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ﬁ‘%'u‘x ( F“J“Eﬂ =7.68.14.26 ﬁj P<0. 01) ChBP ,,_,JZIK Figure 4 OCTA images of normal control group and high-fat diet

ttiﬁ(%#jﬁ%l‘l‘%f X ( F i = =0. 86 P >0. 05) ( Fé—] 3. group before and at weeks 2 and 4 after dietary intervention The
4 %:2 2) ChBP at different time points after intervention were lower in the high-fat

group than that in the normal group OCTA: optical coherence

2.4 Eﬁ%ﬁ%%ﬁ*ﬁ%‘l’iﬁ*ﬁ tomography angiography; ChBP: choroidal blood perfusion
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x2 2NETIEIEAR R ESRBEDFZSHELR (xxs)

Table 2 Comparison of biological parameters between two groups before and at weeks 2 and 4 after the intervention (xzs)

JEIEEE (D) HRAHH B (mm) frE R4 (mm)

ikl FEAR . ,

T THE 2 M T 4 F Rl TG 2 | TG 4 M B TG 2 H TG 4 H
EEXEA 8 3.91x0.20 3.15£0.19 2.00+0.23 7.48+0.02 7.68+0.03 7.92+0. 02 3.47+0.03 3.54x0.03 3.700. 049
AiRREA 8 4.3110.21 2.06£0.31°  -0.1020.21" 7.5320. 02 7.68+0. 02 8. 04£0. 03* 3.42+0.03 3.56x0.02 3.68+0. 028

RT(um) ChT(pm) ChBP(px)

415 HeA : - - : - : - -

T THUR 2 THifG 4 A THitw THE2R  THR4H T TR 2 A TR 4 4
EEXRA 8 131.13£1.29  129.13£1.39  130.50+1.39 59.63+0. 63 58.25+0. 86 58.63+1.03 5 131.88+156.60 6 039.75£143.23 6 042.75£217.87
FIREH 8 129.380.84  122.75:1.64"  120.88+1.16"  60.120.69 55.75+1.29 49.63+1.61"  5175.75£144.61 4 221.75£194.19* 3 845.00+184. 43"

T JEGHE  Fyyy =24. 97, P<0. 0015 F gy = 96. 77, P<0. 0013 F ey gy = 15. 19, P<0. 001, BRAHEEE : Fypy = 15. 04, P<0. 0015 Fyypy = 361. 40, P<0. 001 5
Fogippe = 5. 36,P<0.01. FAMHHEAEAR  Fypy = 0.43,P>0. 05; Fygy = 32.29, P<0. 0015 Fyerpqpgy = 0. 68, P>0.05. RT: Fyyyy = 30. 63, P<0. 0015 Fyypy =
7.68,P<0. 01 F gy oy =4 57, P<0.05. ChT; Fyypy = 17.40, P<0. 0015 Fyypy = 14.26, P<0. 0015 F e ey = 10. 17, P<0. 001, ChBP: Fypy = 85.21, P<
0. 001 ; Fyy =0. 86, P>0. 053 F gy gy =23. 32, P<0. 001. 5T H 0 ML LU, * P<0. 01 (B A Wi [K 2 J5 22 7347, Bonferroni B IEAGZE ) RT: H 1 i
JREJEE s ChT : Jok 3% SRR B2 5 ChBP - Jok 298 A i 3

Note: Diopter: F,,=24.97, P<0.001; Fy, =96.77, P<0.001; F,, ., =15.19, P<0.001. Axial length: F,,,, =15.04, P<0.001; F,, =361.40,

P<0.001; Fi raction =35- 36, P<0.01. Corneal curvature radius: Fgmup =0.43, P>0.05; F,,.=32.29, P<0.001; F, . 0ction =0. 68, P>0.05. RT: Fgmup =
30.63, P<0.001; Fy,.= 7.68, P<0.01; Fi uion= 457, P<0.05. ChT: F, = 17.40, P<0.001; F,, = 14.26, P<0.001; F}, = 10.17, P<
0.001. ChBP: F,, = 85.21, P<0.001; Fy, = 0.86, P>0.05; F, \iion = 23.32, P<0.001. Compared with the normal control group, “P<0.0l

(Repeated measures two-way ANOVA, Bonferroni correction test) RT: retinal thickness; ChT: choroidal thickness; ChBP: choroidal blood perfusion
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Figure 5 Correlation analysis of various parameters in the eyes (Pearson correlation analysis, n=16)
length r=-0.84, P<0.001 B: Correlation between ChBP and ChT r=0.42, P<0.01
0.01 D: Correlation between refraction and RT r=0.44, P<0.01
thickness; ChBP: choroidal blood perfusion; RT: retinal thickness
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E: Correlation between refraction and ChT r=0.37, P<0.01 ChT: choroidal
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