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Correlation between thickness of retinal nerve fiber layer and dietary fat in type

2 diabetes mellitus

LIU Jie, ZHANG Hui-Juan* , XU Jia-Jia
( Department of Endocrinology, First Hospital Affiliated to Harbin Medical University, Harbin 150001, China)

[Abstract] Objective To investigate the correlation between the thickness of retinal nerve fiber layer (RNFL) and dietary fat in
patients with type 2 diabetes mellitus (T2DM ). Methods A total of 186 in-patients with T2DM admitted to our department were
selected for the study. Their general clinical data were retrieved, including age, gender, disease course, previous history, smoking and
drinking history, admission blood pressure, height, and body mass, and body mass index (BMI) was calculated. Blood test results
such as glycosylated hemoglobin Alc, fasting C-peptide, blood lipid and kidney function were recorded, and RNFL thickness was
measured by optical coherence tomography. A semi-quantitative dietary frequency questionnaire was conducted with each participant.
SPSS statistics 22. 0 was used for statistical analysis, and Spearman rank correlation analysis for correlation between RNFL thickness
and dietary fat mass. The univariate and multivariate linear regression analysis were performed to explore the independent influencing
factors of RNFL thickness in each quadrant of both eyes. Results (1) Livestock and poultry meat and meat products were significantly
negatively correlated with the superior and inferior RNFL thickness ( superior; r=-0.192, P =0.009; inferior; r = -0. 286,
P=0.000). Soft drinks were significantly negatively correlated with the superior and inferior RNFL thickness ( superior; r=-0. 169,
P=0.021; inferior; r=-0.264, P=0.000). There was a significant negative correlation between serum triglycerides (TG) and the
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inferior, nasal RNFL thickness (inferior; r=-0.210, P=0.004; nasal; r=-0. 150, P=0.041). Serum creatinine (SCr) was negatively
correlated with the superior and nasal RNFL thickness (superior; r=-0. 159, P=0.032; nasal; r=-0.156, P=0.036). Age was
also negatively correlated with the superior, nasal RNFL thickness ( superior; r=-0.169, P=0.021; nasal; r=-0.184, P=0.012).
(2) Univariate linear regression analysis showed that age, TG, SCr, poultry meat and meat products were associated with RNFL in
patients with T2DM (P<0.05). On the basis of the above univariate linear regression, multivariate linear regression was performed
with RNFL thickness in each quadrant of T2DM patients as the dependent variable and age, TG, SCr, pouliry meat and meat products
as the independent variables, which showed that TG (P =0.007), poultry meat, and meat products (P =0.021) as independent
influencing factors for the inferior RNFL thickness; age (P=0.013) and TG (P=0.044) for RNFL thickness in the nasal quadrant;
and SCr (P=0.042) for the RNFL thickness in the temporal quadrant of the eye. Conclusion The intake of livestock and pouliry

meat and meat products is closely related to the thickness of RNFL in the patients with T2DM, and dietary intervention has clinical

significance for early prevention of T2DM retinopathy.
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Table 1  Correlation analysis between RNFL thickness and relevant indicators in each quadrant (n=186)
Superior Inferior Nasal Temporal
Item

r P value r P value r P value r P value
Age -0.169  0.021" . 056 0. 450 -0.184  0.012" -0.048 0.514
DM duration -0.018  0.810 .134 0. 067 -0.058 0. 430 -0.062 0.397
BMI 0.013  0.856 . 029 0. 695 -0.038 0.612 -0.051 0. 488
SBP 0.028  0.703 .033 0. 650 -0.035 0.638 -0.013 0. 862
DBP 0.006  0.930 . 003 0.972 -0.054  0.461 -0.015 0. 843
Smoking -0.057  0.441 L1135 0.118 -0.072  0.328 -0.116 0.116
Drinking history 0.051 0.490 .045 0. 540 -0.024  0.749 -0.001 0.99%4
HbAlc -0.028  0.705 . 042 0.571 0.008 0.917 -0.019 0. 800
Fasting c-peptide 0.010  0.892 . 047 0.533 -0.028 0.711 0. 006 0.935
TC 0.009  0.902 .038 0. 602 -0.034 0.644 0. 060 0.415
TG -0.110  0.134 .210 0.004 " -0.150  0.041" -0.093 0.205
HDL-C -0.017  0.820 . 036 0.629 -0.069  0.347 0. 026 0.724
LDL-C -0.032  0.668 .072 0.331 -0.020  0.790 0.008 0.914
BUN -0.101 0.177 . 056 0.458 -0.124  0.096 0. 040 0.591
SCr -0.159  0.032" 117 0.117 -0.156  0.036" -0.110 0. 142
mALB 0.023  0.758 . 037 0. 621 0. 005 0.947 -0. 055 0. 461
Right intraocular pressure 0.115 0.119 .021 0.775 0. 090 0.220 0. 095 0. 196
Left intraocular pressure 0. 069 0.352 .038 0.611 -0.059 0.428 0. 086 0.242
Fried staple foods 0.058  0.430 . 100 0.175 0.011 0. 884 0.110 0.134
Pastries 0.044  0.549 . 008 0.919 0.078 0.294 0. 050 0.501
Livestock and poultry meat and meat products ~ —0. 192 0.009 " . 286 0.000 * -0.142 0. 052 -0.014 0.853
Fish and shrimp 0.024  0.745 . 085 0.249 -0.009  0.907 -0.067 0.362
Dairy and dairy products -0.135 0. 065 .011 0.883 -0.048 0.513 -0.104 0. 159
Nuts -0.064  0.384 .017 0.813 -0.090  0.222 -0.101 0.172
Soft drinks -0.169  0.021" .2064 0.000 " -0.075 0.311 -0.067 0. 367
Alcohol consumption 0.097 0.188 .032 0. 662 0. 046 0.535 0. 002 0.978
Edible oil -0.069  0.350 .013 0. 865 -0.040  0.589 0. 056 0. 448

RNFL: retinal nerve fiber layer; DM diabetes mellitus; BMI; body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; HbAlc:
glycosylated hemoglobin Alc; TC: total cholesterol; TG triglycerides; HDL-C: high density lipoprotein cholesterol; LDL-C: low density lipoprotein

cholesterol; mALB ; microalbunminuria; BUN: blood urea nitrogen; SCr: serum creatinine.

* P<0.05.
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Table 2 Univariate linear regression analysis of the superior and inferior RNFL thickness in patients with T2DM
lem Superior Inferior

b t P value b ¢ P value
Age -0. 156 -2.142 0.034" 0.058 0.783 0.434
DM duration -0. 050 -0. 608 0.497 0.109 1.491 0.138
BMI -0.017 -0.230 0.819 -0.051 -0. 695 0.488
SBP -0. 080 -1.092 0.276 -0.010 -0.129 0. 898
DBP -0. 061 -0. 826 0.410 -0.022 -0.293 0.770
Smoking -0.095 -1.289 0.199 -0.062 -0.844 0. 400
Drinking history -0. 006 -0. 086 0.932 -0.074 -1.001 0.318
HbAlc -1.318 -1.318 -1.318 -0.008 -0.107 0.915
Fasting c-peptide -0.018 -0.243 0. 808 -0.020 -0. 265 0.791
TC 0.013 0.182 0. 855 0.026 0.354 0.723
TG -0.134 -1.841 0. 067 -0.215 -2.980 0.003 "
HDL-C -0.015 -0.208 0. 836 0.058 0.785 0.433
LDL-C 0.047 0.638 0.525 0.118 1.616 0.108
BUN -0.105 -1.407 0. 161 -0.025 -0.340 0.734
SCr -0.125 -1.685 0. 094 0.002 0.031 0.975
mALB -0. 094 -1.259 0.210 -0.076 -1.026 0.306
Right intraocular pressure 0.086 1.169 0.244 -0.027 -0.361 0.718
Left intraocular pressure 0.031 0.419 0.676 -0.046 -0.625 0.533
Fried staple foods 0.024 0.331 0.741 0. 086 1.166 0. 245
Pastries -0. 060 -0. 808 0.420 -0.053 -0.723 0.471
Livestock and poultry meat and meat products -0. 180 -2.480 0.014" -0.236 -3.297 0.001 "
Fish and shrimp 0.017 0.235 0.814 0. 000 0. 004 0.997
Dairy and dairy products -0.135 -1.854 0. 065 -0.011 -0. 147 0. 883
Nuts -0. 084 —-1.148 0.252 -0.124 -1.697 0.091
Soft drinks -0. 064 -0.871 0. 385 -0.136 -1.867 0.063
Alcohol consumption -0.010 -0.137 0. 891 -0.075 -1.021 0.309
Edible oil -0.038 -0.517 0. 606 —-0. 042 -0.571 0.569

T2DM: type 2 diabetes mellitus; RNFL: retinal nerve fiber layer; BMI: body mass index; SBP: systolic blood pressure; DBP . diastolic blood pressure;
HbAlc: glycosylated hemoglobin Alc; TC: total cholesterol; TG: triglycerides; HDL-C: high density lipoprotein cholesterol; LDL-C: low density

lipoprotein cholesterol; mALB: microalbunminuria; BUN: blood urea nitrogen; SCr: serum creatinine. * P<0. 05.
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Table 3  Univariate linear regression analysis of the nasal and temporal RNFL thickness in patients with T2DM
Nasal Temporal
Item
b t P value b t P value
Age -0.162 -2.233 0.027" -0.088 -1.192 0.235
DM duration -0.096 -1.306 0.193 -0.047 -0.633 0.528
BMI -0.031 -0.413 0. 680 -0. 086 -1.162 0.247
SBP -0.110 -1.508 0. 133 -0.075 -1.027 0.306
DBP -0.073 -0.996 0.320 -0.032 -0. 436 0. 663
Smoking -0.098 -1.332 0.184 -0.099 -1.347 0. 180
Drinking history -0.055 -0.747 0. 456 -0.068 -0.924 0.357
HbAle -0.037 -0.491 0.624 0. 054 0.723 0.471
Fasting C—peptide -0.042 -0.555 0.580 -0. 055 -0.730 0. 466
TC 0.025 0. 346 0.730 -0. 002 -0.022 0.983
TG -0.117 -1.598 0.112 -0.018 -0.241 0.810
HDL-C -0.053 -0.715 0. 476 -0.018 -0.241 0.810
LDL-C 0. 084 1. 144 0. 254 0.107 1.454 0. 148
BUN -0.104 -1.393 0. 165 -0.017 -0.233 0.816
SCr -0. 046 -0. 622 0.535 -0. 151 -2.043 0.042"°
mALB -0.026 -0.342 0.732 -0.034 -0. 449 0. 654
Right intraocular pressure -0. 007 -0. 090 0.928 0.091 1.243 0.215
Left intraocular pressure -0. 095 -1.301 0. 195 0.049 0. 669 0.504
Fried staple foods 0. 080 1. 088 0.278 0. 064 0. 875 0. 383
Pastries 0. 047 0. 641 0.523 0. 045 0.616 0.539
Livestock and poultry meat and meat products 0.002 0.029 0.977 —-0.043 -0.588 0.557
Fish and shrimp -0.061 -0. 825 0.410 -0. 086 -1.172 0.243
Dairy and dairy products -0.048 -0.655 0.513 -0. 104 -1.413 0.159
Nuts -0. 046 -0.619 0.536 -0. 044 -0. 602 0.548
Soft drinks -0.045 -0.611 0.542 0.076 1. 040 0.300
Alcohol consumption 0. 023 0.307 0.759 -0.058 -0.783 0.435
Edible oil 0.020 0.265 0.791 0.041 0.556 0.579

T2DM :

HbAlc: glycosylated hemoglobin Alc; TC: total cholesterol; TG:

lipoprotein cholesterol; mALB : microalbunminuria; BUN: blood urea nitrogen; SCr: serum creatinine.

type 2 diabetes mellitus; RNFL: retinal nerve fiber layer; BMI: body mass index; SBP: systolic blood pressure; DBP .

triglycerides ;

diastolic blood pressure;
HDL-C: high density lipoprotein cholesterol; LDL-C:

* P<0.05.

low density

x4 T2DM EETHEIR RNFL EESTZ&EEASH

Table 4 Multivariate linear regression analysis of the inferior RNFL thickness in patients with T2DM

Item b SE b’ ¢ P value

Intercept 158. 138 9.574 16.517 0. 000

TG -0. 404 0. 160 -0.185 -2.519 0.013

Livestock and poultry meat and meat products -2.533 1.251 -0. 149 -2.025 0.044
T2DM: type 2 diabetes mellitus; RNFL: retinal nerve fiber layer; TG triglycerides.

x5 T2DM EERIMEMSIR RNFL EE S TL&E
EER

Table 5 Multivariate linear regression analysis of the nasal
RNFL thickness in patients with T2DM
[tem b SE b t P value
Intercept  84.507  3.408 24.795  0.000
Age -2.529 0.932 -0.196 -2.712 0. 007
TG -0. 007 0. 003 -0. 169 -2.335 0.021
T2DM: type 2 diabetes mellitus; RNFL: retinal nerve fiber layer; TG

triglycerides.

&6 T2DM EBHERIHMKRFR RNFL BE ZTLit
B335 R
Table 6 Multivariate linear regression analysis of the temporal

RNFL thickness in patients with T2DM

Ttem b SE b” t P value
Intercept 85.261 3.543 24.063 0. 000
SCr -0. 106 0.052 -0. 151 -2.043 0. 042

T2DM: type 2 diabetes mellitus; RNFL; SCr:

retinal nerve fiber layer;

serum creatinine.



- 844 - HUEBIEZAVEIINIGE

2019411 H28 H %184 %&£ 11 ¥ Chin ] Mult Organ Dis Elderly, Vol. 18, No. 11, Nov. 28, 2019

AR T 3RS B RNFL JE B 1) 56
Fo TEAHR BT v B A AR W3 A OGOk
BE L T LM RNFL B 2 A, Bk,
ARBFIEIE R PRAE IS & T2DM H 3% RNFL J5EJE (1 5% )
% AR 5 B S0 RNFL 5 B 5 2 7k G,
Peng %"V R MRS EIT 41 S 58 T BEEE
WA TN, A RNFL JE B 1 35 A8, A2 5T
RPN, B OCT WL E] () RNFL J5 & 2> B
WA, AR AR 10 4, LI RNFL JE B 245
2.6~2.9 um " AHSCHIFSE S PR 22 47 4 B A
WA 0% RHAE R 29 2% 4000 ~5 000 > pf 28
LRYEN RGN A R I R B, AT R A S Y
RNFL J& B2 i /b 3 8 2 F T 0 28 70 TR 1 28 2 Joi 0t
DRPE

AW FEAFAE—E R R, (D) FEARE AR, B
AL NBERR T2DM, % B— ABEHEA TR & PR 4, ik
R EME A I 22 5 (2) BT AR AR, X ALY
T2DM F8 35 A Ha AL D0 Rl A8 A B 041, R Rtk — 25
T i T2DM AR5 A8 £5 B Be RNFL 5 & 2 A 105
KF; (3) o BB UR A) h AR % 2E B 25
E— 254053, H Rl (a) 4 WA [l 25 S mT
RE S Z VI B M ESE A A

25 PR PR R T2DM A B T I, L
SEEE NG B AR AE T2DM AL 19 R 5 725 1) & i v &
HEEER, BEEIRNI 02 07 A9k T, 7538
YT Bt — 2 ImIRI G, HH AW P& &R K&
PR S i B AT R FBLS T2DM 0 I 56 728 A — 5 Iif
RIS, A T2DM B F SR TR IR TRl

[ &% k]

[1] Sohn EH, van Dijk HW, Jiao C, et al. Retinal neurodegeneration
may precede microvascular changes characteristic of diabetic reti-
nopathy in diabetes mellitus[ J]. Proc Natl Acad Sci USA, 2016,
113(19) : E2655-E2664. DOI: 10. 1073/pnas. 1522014113.

[2] Jindal V. Neurodegeneration as a primary change and role of neuro-
protection in diabetic retinopathy [ J ]. Mol Neurobiol, 2015,
51(3): 878-884. DOI: 10. 1007/s12035-014-8732-7.

[3] Nagao M, Asai A, Sugihara H, et al. Fat intake and the develop-
ment of type 2 diabetes[ J]. Endocr J, 2015, 62(7) : 561-572.
DOI; 10. 1507/ endocrj. EJ15-0055.

[4] Alhazmi A, Stojanovski E, McEvoy M, et al. The association

(5]

(6]

[7]

(8]

[9]

[10]

[11]

[12]

[13]

[14]

[15]

between dietary patterns and type 2 diabetes; a systematic review
and meta-analysis of cohort studies[ J]. J Hum Nutr Diet, 2014,
27(3): 251-260. DOI; 10. 1111/jhn. 12139.

Schwingshackl L, Chaimani A, Bechthold A, et al. Food groups
and risk of chronic disease; a protocol for a systematic review and
network meta-analysis of cohort studies [ J]. Syst Rev, 2016,
5(1): 125. DOI; 10. 1186/s13643-016-0302-9.

Chihara E, Matsuoka T, Ogura Y, et al. Retinal nerve fiber layer
defect as an early manifestation of diabetic retinopathy [ J].
Ophthalmology, 1993, 100(8) : 1147-1151.

Jeon SJ, Park HL, Lee JH, et al. Relationship between systemic
vascular characteristics and retinal nerve fiber layer loss in patients
with type 2 diabetes[ J]. Sci Rep, 2018, 8(7): 10510. DOI.
10. 1038/541598-018-28985-8.

Amano S, Kaji Y, Oshika T, et al. Advanced glycation end
products in human optic nerve head[ J]. Br J Ophthalmol, 2001,
85(1) . 52-55.

Liu G, Zong G, Hu FB, et al. Cooking methods for red meats and
risk of type 2 diabetes mellitus: a prospective study of U.S.
women[ J]. Diabetes Care, 2017, 40(8) : 1041-1049. DOI: 10.
2337/dc17-0204.

Tarr JM, Kaul K, Chopra M, et al. Pathophysiology of diabetic
ISRN Ophthalmol, 2013, 2013 (1) : 343560.
DOI: 10. 1155/2013/343560.

retinopathy/[ J ].

Peng PH, Hsu SY, Wang WS, et al. Age and axial length on peri-
papillary retinal nerve fiber layer thickness measured by optical
coherence tomography in nonglaucomatous Taiwanese participants[ J].
PLoS One, 2017, 12(6): €0179320. DOI. 10. 1371/journal.
pone. 0179320.

Hougaard JL, Ostenfeld C, Heijl A, et al. Modelling the normal
retinal nerve fiber layer thickness as measured by stratus optical
coherence tomography[ J]. Graefe’s Arch Clin Exp Ophthalmol,
2006, 244(12) : 1607-1614. DOI. 10. 1007/s00417-006-0372-9.
Mikelberg FS, Drance SM, Schulzer M, et al. The normal human
Axon count and axon diameter distribution [ J].
Ophthalmology, 1989, 96(9) . 1325-1328.

Jonas JB, Schmidt AM, Muller-Bergh JA, et al. Human optic

optic nerve.

nerve fiber count and optic disc size[ J]. Tnvest Ophthalmol Vis
Sci, 1992, 33(6) : 2012-2018.

Patel NB, Lim M, Gajjar A, et al. Age-associated changes in the
retinal nerve fiber layer and optic nerve head[ J]. Invest Ophthalmol
Vis Sci, 2014, 55 (8): 5134 - 5143. DOI: 10.
14-14303.

1167/ iovs.

(%4 11°T)



