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Correlation between blood pressure and thickness of retinal nerve fiber layer in

type 2 diabetes mellitus

WANG Xiao-Guang, LIU Jie, DU Jin-Qiu, ZHANG Hui-Juan”
( Department of Endocrinology, First Hospital Affiliated to Harbin Medical University, Harbin 150001, China)

[ Abstract] Objective To investigate the correlation between blood pressure and thickness of retinal nerve fiber layer (RNFL) in
type 2 diabetes mellitus (T2DM). Methods A total of 123 patients with T2DM were selected for the study, who visited the Endocri-
nology Department of the First Hospital Affiliated to Harbin Medical University between January 2017 and December 2018. Based on
the fluorescein fundus angiographic findings, the patients were divided into a group without diabetic retinopathy ( NDR group, n=65)
and a group with non-proliferative diabetic retinopathy (NPDR group, n=158) according to the International Clinical Grading Scale for
Diabetic Retinopathy (2002). The general clinical data of the enrolled patients were collected, and the results of the blood tests, such as
glycated hemoglobin Alc (HbAlc) and fasting C-peptide, were recorded. Systolic blood pressure ( SBP), diastolic blood pressure
(DBP) were measured, and mean arterial pressure (MAP) was calculated. RNFL thickness was measured with optical coherence
tomography (OCT). SPSS statistics 22. 0 was used for statistical analysis. The correlation between RNFL thickness and blood pressure
in each quadrant was analyzed by Spearman rank correlation. Univariate and multivariate linear regression were performed to analyze
the independent factors of RNFL thickness in each quadrant. Results SBP and MAP were significantly higher in the NPDR group
than those in the NDR group (P<0.05). Correlation analysis revealed significantly negative correlation between age and RNFL thickness
in both the supratemporal (r=-0.184, P=0.041) and infratemporal (r=-0.224, P=0.013) quadrants, between the body mass
index (BMI) and the lower nasal retina (r=-0.256, P=0.004), between SBP and RNFL thickness in the upper nasal (r=-0.203,
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P=0.024), infratemporal (r=-0.272, P=0.002) and temporal (r=-0.286, P=0.001) quadrants, between MAP and RNFL
thickness of the upper nasal (r=-0.185, P=0.041), infratemporal (r=-0.264, P=0.003) and temporal (r=-0.253, P=0.005)
quadrants, and between HbAlc and RNFL thickness of the supratemporal (r=-0.234, P=0.009) and infratemporal (r=-0.201,
P=0.025) quadrants, the difference being statistically significant for all (P<0.05). The univariate and multivariate linear regression
analysis showed SBP as an independent factor of RNFL thickness in the upper nasal, infratemporal, and temporal quadrants.

Conclusion Elevated blood pressure accelerates degenerative change in the retina, suggesting early attention to changes in

blood pressure may help to avoid early nervous degeneration of the retina.
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blood pressure; diabetes mellitus, type 2; retinal nerve fiber layer
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B IR 9 0 I B9 48 ( diabetic retinopathy, DR)
J& 2 BB R 9% ( type 2 diabetes mellitus, T2DM )
WL P R A O R AE 2 — T E A AT Uk
W, Hop ko2 £ W T2DM 78 8 BRI R 7T 00 A A0
R A I T2 T L R IR OB e 2 3R A7 ek
AR A HRTE UE S I Bk R AT M A
Lo 2 0 IR T 5 20 AR 25 2 0 o 400 i e oz
BRI, TEMZ U A R 22 21 28 )2 ( reti-
nal nerve fiber layer, RNFL) A% i J& 70 W i fift 22 3R
AP A8 (g R R RT3 A e A A T )2
1% (optical coherence tomography, OCT) X RNFL
JRERE ARG A0 ik LR AR B A T
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1.1 #RMK

[FUBPE S AT 2017 4 1 A % 2018 4F 12 A 3t
BTG IR B R R 27 B 5 — S B N 2 M Y
123 5] T2DM B, A4l 53(46,59) %, L
BRI 8 (3, 13) 4F, AR 2¢O & RIS M 4
15 5% (fundus fluorescein angiography, FFA ) 4%
W PR g M R I 5 72 BT 4 (] o i R 0 4R b o
(2002 4F) 170 K FRAE 43 R JOHE PRI AL R BRI 5 (non-
diabetic retinopathy, NDR) £l 65 {3l Fl1-{E 3% 5 6 b4 IR
95 AL X 955 A2 ( non-proliferative diabetic retinopathy,
NPDR) 41 58 4, 2 ARRHE: (1) FF4 WHO 1999 4
HTE ORI WRE) ™ 5 (2) IR IR i ESC/
ESH sfiikim M A4 BEHE M, AR R 2 1 Smm
JE, Ifil JE < 160/100mmHg ( 1 mmHg = 0. 133 kPa) ' ;
(3) Jorm IR e 5, IRl 11 ~21 mmHg; (4) o4
GRIRFTG L, HEBRDRIE : (1) 38 7R I0DARE I s AR IR0 I

7R (2) 1 B SRR IR R RIME IR 5 (3) B 7R 2R i R
IE S RGN , 42 B RGP B i R 2
A0 I 55 722 - S [l JBst e BF 5 3 A0 O 7K < i
) ARAGIE IRV BERE R B T 5 — B B 1R B Y
S, bR R A N R

1.2 Fik

1.2.1 AR REAR TR W A B R — &
TORE, ARAEEY PR R R TT R HE AL (body mass
index, BMI) %%, AT BEHHATHR R (FFA Kifr,
1.2.2 it A ek A W B B 58 % 4 s i Il b
(fasting plasma glucose,, FPG)  WHAL ML ZL 8 1 Alc
( glycosylated hemoglobin Alc, HbAlc) | & iH [ iz
(total cholesterol, TC) . H i = fg ( triglycerides,
TG) ML LT ( serum creatinine , SCr) . JR Z % ( blood
urea nitrogen , BUN ) 25 K5 36 2% 5

1.2.3 MR A e BOR B E B
], U R H AR R 5 ~ 10 min J5 6 & XK R i
FE I P I, P 5 (B] B 5 ming, 30 U4
JE ( systolic blood pressure, SBP) | &7 5K & ( diastolic
blood pressure , DBP) |, B YR I 42 - Y (LA Ay 1
SR T o, 1158 F#3 Jk & (mean arterial
pressure , MAP ) , MAP = (SBP+2xDBP) /3,

1.2.4  OCT WJ5€ RNFL SR )i JH 4% [ i 78 62
OCT 1% (870 nm J K, 40000 Hz/s ) #1746 A5 , LA
Frrps bt 54T HAR N 3. 45 mm 19 5] 4 XI5
AT 3 WEE R it 3. A A
MLEMS 43 #1 22 S 04T RNFL JEE R B9 & 250
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T (infratemporal, TI) %l ( temporal, T) RNFL J&
BE R e T ] — B 4, ] — i 2 XUIR
7R AR FE AR [ 2 B ALk — HUR 19 OCT %dls , s 28 2
JE AN [7) 25 2 U A2 7™ A IR OCT Hdls A2, IR
Z/DEH 3 W BUE S B T R A B
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BMI 5 4L NI(r=-0.256,P=0.004) %R RNFL
JEEBE i 2 TAAH G SBP S LIS NS (r=-0.203,P=
0.024) TI(r=-0.272,P=0.002) .T(r=-0.286,
P=0.001)% [ RNFL J5 1 ¥ 5 274056 MAP 5
LRI NS(r=-0.185,P=0.041) . TI(r=-0. 264,
P=0.003) . T(r=-0.253,P=0.005) %k RNFL &
JEE 14 I A 56 s HbA Le 5 A0 M I TS (r=-0. 234,
P=0.009) TI( r=-0.201,P=0.025) %[ RNFL
JEEEY R E ARG, FEWER 2,
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MAP HbAlec 5 T2DM 3 RNFL J&JE M ¢ (P<
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1E Lk B R R G [1E 4 B Ak 1, LA T2DM
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R (P<0.05;%4),
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Tablel Comparison of baseline data between two groups

Ttem NDR group (n=65) NPDR group (n=58) P value
Age| years, M(Q,, Q3)J 49(44, 55) 57(51, 61) <0.001 "
DM duration[ years, M(Q,, Q;) ] 5.00(1.25, 11.00) 9.00(4.75, 15.00) 0.013"
Hypertension history[ n( %) ] 17(26.15) 22(37.93) 0.179
BMI[ (kg/m?, M(Q,, Q) ], 25.00(22.72, 27.26) 26.10(24. 67, 27.82) 0.015"
SBP[ mmHg, M(Q,, Q3) ] 126(118, 132) 133(125, 150) <0.001*
DBP( mmHg, xs) 78.52+8. 44 80.05+9. 16 0. 340
MAP[ mmHg, M(Q,, Q)] 93(88, 100) 99(93, 104) 0. 006 *
ESR(mm/h, x+s) 8.09+5. 88 6.32+5.65 0.102
HbAlc(%, x+s) 8.76%2.16 8.75+1.99 0.970
FPG(mmol/L, %+s) 9.62+3.21 9.60+3.90 0. 966
TC(mmol/L, x+s) 5.07+1.18 5.70+3.52 0.195
TG( mmol/L, i+s) 2.39+1.80 2.80+1.96 0.227
SCr(mmol/L, x+s) 62. 82+20. 87 61.73+15.70 0.741
BUN[ mmol/L, M(Q,, Q)] 5.36(4.28, 6.40) 6.10(5.10, 6.89) 0.015"
10P ( mmHg, %+s) 18.0+1.9 18.1£2.0 0.812
NS(pm, %s) 119.3+21.6 116.3+21.8 0. 450
NI[ pm, M(Q,, Q3)] 119.0(104.0, 139.1) 106.5(95.3, 124.3) 0.005 "
N(pm, &+s) 70.1+13.4 70.3+13.4 0.935
TS(wm, x+s) 142.3+17.2 138.1+21.7 0.244
TI(wm, %+s) 150.9+22. 6 142. 4224.2 0.046"
T(pm, xxs) 78.712. 1 77.2x11.1 0.470

NDR; non-diabetic retinopathy ; NPDR: non-proliferative diabetic retinopathy; DM diabetes mellitus; BMI: body mass index; SBP: systolic blood

pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; ESR: blood sedimentation; HbAlc: glycosylated hemoglobin Alc; FPG:

fasting plasma glucose; TC: total cholesterol; TG: triglycerides; SCr; serum creatinine; BUN: blood urea nitrogen; IOP; intraocular pressure; NS:

superonasal; NI: inferonasal; N: nasal; TS: supratemporal; TI; infratemporal; T: temporal. * P<0.05. 1 mmHg=0. 133 kPa.
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Table 2 Correlation analysis between RNFL thickness and relevant indicators in each quadrant

NS NI N TS TI T
Item

r P value r P value r P value r P value r P value r P value
Age -0.001  0.993 0.044  0.629 0.145 0.110 -0.184 0.041 -0.224 0.013" -0.162 0.073
DM duration -0.029 0.748 0.020 0.824 0.167  0.066 -0.026 0.775 -0.139 0.124 -0.005 0.952
Hypertension history 0.125 0.167 0.074  0.416 0.063  0.490 0.154 0.089 0.166 0.066 0.124 0.172
BMI -0.090 0.324 -0.256 0.004" -0.035 0.697 -0.085 0.351 -0.045 0.039" -0.039 0.670
SBP -0.203 0.024" -0.080 0.381 -0.084 0.357 -0.114 0.210 -0.272 0.002* -0.286 0.001"
DBP -0.089 0.329 -0.100 0.271 -0.121  0.181 -0.075 0.407 -0.185 0.041* -0.163 0.072
MAP -0.185 0.041" -0.121 0.184 -0.122 0.178 -0.162 0.074 -0.264 0.003" -0.253 0.005"
HbAlc -0.023 0.800 -0.117 0.198 -0.090 0.323 -0.234 0.009" -0.201 0.025" -0.113 0.215
ESR 0.012  0.89% 0.122  0.195 -0.038 0.684 0.090 0.340 0.162 0.084 0.121  0.196
FPG -0.037 0.683 -0.123 0.070 -0.129  0.156 -0.006 0.944 -0.122 0.178 -0.122  0.218
TC 0.077 0.398 0.049  0.588 0.216  0.123 -0.084 0.357 -0.082 0.368 -0.207 0.022°
TG 0.034 0.710 -0.177 0.050 -0.076  0.400 0.055 0.549 0.013 0.883 -0.052 0.569
SCr -0.025 0.782 -0.207 0.022° -0.035 0.702 -0.050 0.583 -0.022 0.812 -0.011  0.904
BUN -0.054 0.552 -0.168 0.063 -0.068  0.453 -0.078 0.393 -0.084 0.358 -0.063 0.486
1op -0.014 0.874 -0.026 0.778 -0.074 0.413 0.028 0.754 -0.116 0.202 -0.128 0.159

RNFL; retinal nerve fiber layer; NS: superonasal; NI: inferonasal; N: nasal; TS: supratemporal; TI: infratemporal; T: temporal; DM diabetes
mellitus; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HbAlc: glycosylated
hemoglobin Alc; ESR: blood sedimentation; FPG: fasting plasma glucose; TC: total cholesterol; TG triglycerides; SCr: serum creatinine; BUN:

blood urea nitrogen; IOP; intraocular pressure. *“ P<0. 05.

£ 3 T2DM &%[R RNFL EERREELMEOIERNH

Table 3  Univariate linear regression analysis of RNFL thickness in each quadrant of patients with T2DM

NS NI N TS TI T
Item
B t P value B t P value B t P value B [ P value B t P value B t P value
Age -0.001 -0.009 0.993 0.044 0.484 0.629 0.145 1.611 0.110 -0.184-2.061 0.041" -0.224 -2.524 0.013° -0.162-1.806 0.073

DM duration -0.017 -0.186 0.853  0.051 0.565 0.573 0.186 2.087 0.059 —0.042-0.465 0.643 0.111 1.224 0.223  -0.043 -0.473 0.637
Hypertension ~ 0.109 1.206 0.230 0.052 0.570 0.570 0.086 0.955 0.342  0.155 1.728 0.086 0.218 2.460 0. 055 0.135 1.501 0.536

history
BMI -0.119-1.323 0.188 -0.216 -2.428 0.017"-0.075-0.826 0.410 -0.136-1.512 0.133  -0.016 -0.180 0.858  -0.079 —0.877 0.382
SBP -0.195-2.189 0.031" -0.056 -0.612 0.542 -0.058 -0.638 0.525 -0.144-1.600 0.112 -0.272-3.111 0.002* -0.287-3.179 0.002"
DBP -0.126 -1.395 0.166 -0.139 -1.539 0.126 -0.139-1.545 0.125 -0.131-1.457 0.148  -0.185-2.068 0.041 “ -0.164 -1.825 0.070
MAP -0.185-2.0609 0.041" -0.121 -1.337 0.184 -0.122-1.354 0.178 -0.162-1.805 0.074 -0.264 -3.010 0.003* -0.253-2.875 0.005"
HbAle 0.016 0.177 0.860 -0.038 -0.418 0.677 -0.039 -0.426 0.671 -0.234-2.651 0.009* -0.147-1.639 0.104 -0.110-1.220 0.225
ESR 0.037 0.390 0.697 0.102 1.088 0.279 -0.009 -0.092 0.927  0.074 0.784 0.435 0.178 1.920 0.057 0.166 1.791 0.076
FPG -0.013-0.145 0.885 -0.113 -1.252 0.213 -0.107-1.185 0.238  0.028 0.303 0.762 —0.147-1.640 0.104 -0.135-1.494 0.138
TC 0.039 0.426 0.671 0.017 0.192 0.848 0.050 0.549 0.584 -0.025-0.2700.787 -0.016-0.179 0.858 -0.124 -1.379 0.170
TG -0.040 -0.445 0.657 -0.062 -0.678 0.499 -0.077 -0.853 0.395 -0.035-0.383 0.702 -0.108-1.192 0.236  -0.108 -1.199 0.233
SCr 0.106 1.171 0.244 -0.138 -1.531 0.128 -0.060-0.665 0.507 -0.128 -1.420 0.158  —0.050 -0.550 0.583  -0.035 -0.382 0.703
BUN -0.054-0.597 0.552 -0.168 -1.876 0.063 —0.068 -0.752 0.453 -0.078 -0.857 0.393  —0.084 -0.922 0.358  -0.063 —-0.699 0.486
0P -0.009 -0.099 0.921 -0.007 -0.076 0.940 -0.095-1.050 0.296 -0.016-0.174 0.862 —0.129-1.428 0.156  -0.138 -1.530 0.129

T2DM : type 2 diabetes mellitus; RNFL: retinal nerve fiber layer; NS: superonasal; NI: inferonasal; N: nasal; TS: supratemporal ; TI: infratemporal ; T temporal ; DM
diabetes mellitus; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; MAP: mean arterial pressure; HbAlc: glycosylated hemoglobin
Alc; ESR: blood sedimentation; FPG: fasting plasma glucose; TC: total cholesterol; TG triglycerides; SCr: serum creatinine; BUN: blood urea nitrogen; I0P

intraocular pressure. * P<0. 05.



<96 - HIEEFZIETRGE

2021 4F2 H 28 H 55204 %523 Chin J Mult Organ Dis Elderly, Vol.20, No.2, Feb. 28, 2021

F*4 T2DM BEERR RNFL BESEEL M
=353 47
Table 4 Multivariate linear regression analysis of RNFL

thickness in each quadrant of patients with T2DM

Variable B SE t B’ P value
NS

SBP -0.307 0.140 -2.189 -0.195 0.031
NI

BMI -1.506  0.620 -2.428 -0.216 0.017
TS

HbAlc -2.155 0.810 -2.659 -0.232  0.009

Age -0.400 0.188 -2.124 -0.185 0.036
TI

SBP -0.466  0.150 -3.111 -0.272  0.002
T

SBP -0.234  0.074 -3.179 -0.278  0.002

T2DM : type 2 diabetes mellitus; RNFL; retinal nerve fiber layer; NS. su-
peronasal; SBP: systolic blood pressure; NI: inferonasal; BMI: body
mass index; TS: supratemporal; HbAlc: glycosylated hemoglobin Alc;

TI. infratemporal; T: temporal.

3 i i

BRI R 2 R S 1 g I 2 R L A5 R A i
RERRAF A B R O R T R A i A
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(1) BEAR B /N FLI /D (i B o HR AL, S0 45 S nT B A7
TRER2E A FRlE— 2 KFEAR Z O RS DA SE
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