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[ Abstract] Objective To investigate the correlation between glycosylated hemoglobin Alec (HbAlc) and reactive hyperemia index
(RHI) in the patients with type 2 diabetes mellitus (T2DM). Methods A total of 608 T2DM patients admitted to the Endocrinology
Department of First Affiliated Hospital of Nanjing Medical University from January 2017 to February 2019 were enrolled in this study.
During the hospitalization, all patients were evaluated by using Endo-PAT non-invasive vascular endothelial function detection technology
to calculate RHI. The patients with RHI=1. 67 were assigned into the control group, and those with RHI<1. 67 were into the study
group. According to the HbAlc level, they were divided into HbAle <7% group, HbAle 7% —9% group and HbAlc >9% group.
Their general data, biochemical indices, blood glucose level and insulin resistance index were compared among the groups. Spearman
correlation analysis was used to evaluate the correlation between HbAlc and RHI. The relationship was evaluated by multiple linear
regression analysis on the factors affecting endothelial function. Results HbAlc level was significantly higher in the study group than
in the control group (P=0.001), but no statistical significances were seen in age, body mass index, blood lipid, blood glucose, and
homeostatic model assessment of insulin resistance ( HOMA-IR) and of B-cell function (HOMA-B) between two groups. With the
increase of HbAlc, RHI was decreased in the groups of different HbAlc level (P=0.004). Spearman correlation analysis showed that
HbAlc level was negatively correlated with RHI in T2DM patients, and multivariate regression and logistic regression analysis indicated
that HbAlc was an independent and significant predictor for vascular endothelial function assessment index ( OR =0.864, 95% CI
0.786-0.950, P=0.002). Conclusion For T2DM patients, HbAlc can be used to evaluate the recent endothelial function.
Actively controlling the blood glucose can improve vascular endothelial dysfunction, and thus the damage to peripheral vessels and

other target organs will be thereby reduced and cardiovascular events be prevented.
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Table 1 Comparison of baseline data between two groups

RHI< 1. 67 group

RHI = 1. 67 group

Item (n=381) (n=227) X2/t/z P value
Gender( male/female, n) 231/150 156/71 4.026 0. 050
Age(years, x+s) 60. 36+12.70 59.04£12.29 1.261 0.208
BMI(kg/m?, x+s) 25.43%3.36 25.29+3.17 0. 488 0. 626
SBP(mmHg, x+s) 134.23+17. 64 135.83%19. 41 -1.043 0.297
DBP ( mmHg, x+s) 77.43211.75 78.90+12. 56 -1.450 0.148
ASTLU/L, M(Q,, Q)] 20.10( 16.55, 24.60) 20.40(16.90, 24.90) -0.831 0. 406
ALT[U/L, M(Qy, Q)] 20.50(14.00, 29.10) 19.20( 14. 30, 30.10) -0.205 0. 837
FPG[ mmol/L,M(Q,, Q3) ] 7.08(5.90, 8.24) 6.97(5.88, 7.78) -1.213 0.225
FINS[ wU/ml, M(Q,, 05) ] 6.19(3.17, 11.50) 6.19(3.53, 10.54) -0.193 0. 847
HDL-C[ mmol/L,M(Q,, 05)] 1.02(0.88, 1.17) 1.02(0.88, 1.21) -0. 697 0. 486
LDL-C[ mmol/L,M(Q,, Q5) ] 2.98(2.40, 3.62) 2.87(2.27, 3.41) -1.330 0.184
TG[ mmol/L,M(Q,, Q3)] 1.37(0.98, 2.13) 1.33(0.87, 2.03) -1.169 0.242
TC[ mmol/L,M(Q,, 05)] 4.62(3.80, 5.48) 4.44(3.67, 5.26) -1.431 0. 152
Cr[ wmol/L, M(Q,, ;)] 65.30(55.00, 76.00) 65.40(56.70, 78. 40) -1.306 0. 191
UA[ wmol/L, M(Q,, 03)] 320. 60(265. 95, 383.00) 325.00(272. 00, 392.00) -0. 631 0.528
HOMA-B[M(Q;, Q5)] 35.33(18.24, 72.21) 38.82(21.02, 71.50) -0.675 0. 499
HOMA-IR[M(Q,, Q;)] 1.93(0.90, 3.94) 1.92(0.97, 3.51) -0. 056 0. 956
HbAlc[ %, M(Q,, Q3)] 8.70(7.30, 10.15) 7.90(7.00, 9.40) -3.437 0. 001

RHI:; reactive hyperemia index; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; AST: aspartate transaminase;

ALT: alanine transaminase; FPG fasting plasma glucose; FINS: fasting insulin; HDL-C; high-density lipoprotein cholesterol; LDL-C: low-density lipo-

protein cholesterol; TG : triglycerides; TC: total cholesterol; Cr: creatinine; UA: uric acid; HOMA-B: homeostasis model assessment of B cell function;

HOMA-IR; homeostasis model assessment of insulin resistance; HbAlc; glycosylated hemoglobin Alc. 1 mmHg=0. 133 kPa.
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Table 2 Comparison of clinical indices among different subgroups of HbAlc level

HbAlc < 7% group

HbA1c¢7%-9% group

HbAlc>9% group

Ttem X2/H P value
(n=121) (n=253) (n=234)

Gender( male/female, n) 77/44 151/102 159/75 3.589 0. 166
Agel years, M(Q,, Q3)] 61.00(54.50, 66.00) 61.00(53.00, 67.50) 61.00(52.00, 68.00) 0.493 0.782
BMI[ kg/m*, M(Q,, 03)] 24.82(22.95, 26.48) 25.10(23.33, 27.29) 25.00(23.17, 27.45) 2.017 0. 365
SBP[ mmHg, M(Q,, Q3)] 131.00(120. 50, 144.50) 135.00(124.50, 145.50) 134.50(122.00, 147.00)  2.458 0.293
DBP[ mmHg, M(Q,, Q3) ] 77.00(70.00, 85.00) 77.00(69.00, 84.50) 78.50(70.00, 88.00) 5.372 0. 068
AST[U/L, M(Q,, Q3)] 19.90(16.90, 24.45) 20.80(17.20, 24.80) 19.80( 15. 88, 24.83) 4.332 0.115
ALT[U/L, M(Q,, Q3)] 17.80(13.15, 27.60) 20.70( 14. 85, 31.40) 20.55(13.58, 28.90) 5. 680 0.058

FPG[ mmol/L,M(Q,, 03)]
FINS[ wU/ml,M(Q,, Q5)]
HDL-C[ mmol/L,M(Q,, Q3) ]
LDL-C[ mmol/L,M(Q,, 05) ]
TG[ mmol/L,M(Q,, Q3)]
TC[ mmol/L,M(Q,, Q3) ]
Cr[ pmol/L, M(Q,, Q)]
UA[ wmol/L, M(Q,, 03)]
HOMA-B[M(Q,, Q3)]
HOMA-IR[ M(Q,, Q3)]
RHILM(Q,, Q3)]

6.32(5.50, 7.12)
8.21(4.77, 13.23)
1.06(0.92, 1.20)
2.77(2. 16, 3.43)
1.28(0.87, 1.86)
4.37(3.49, 5. 16)
63.90(56. 65, 78. 10)
352.00(301. 50, 405.75)
62.49(35. 83, 93.91)
2.46(1.26, 3.72)
1.59(1.35, 1.95)

7.12(6.03, 8.01)
6.87(3.81, 12.56)
1.04(0.88, 1.21)
2.97(2.25, 3.51)
1.37(1.00, 2.15)
4.56(3.67, 5.35)
66.90(56.75, 76.75)
313.80(263. 00, 379.00)
41.45(22.80, 69.20)
2.20(1. 11, 4.27)
1.58(1.41, 1.88)

7.32(6.07, 8.45) 34.633 <0. 001

4.45(2.27,9.22) 31.485  <0.001
0.98(0.87, 1.14) 7.768 0.021
2.99(2.45, 3.72) 6. 146 0. 046
1.37(0.95, 2.29) 4.321 0.115
4.63(3.95, 5.63) 6.573 0.037
64.70(53.55, 76.33) 2.371 0.306
319.50(261.93, 374.80)  10.526 0.005

23.35(14.24, 52.27) 66. 152 <0. 001
1.57(0.70, 3.01) 19. 863 <0.001
1.51(1.30, 1.73) 10. 887 0. 004

HbAlc: glycosylated hemoglobin Alc; BMI: body mass index; SBP: systolic blood pressure; DBP: diastolic blood pressure; AST: aspartate transami-

nase; ALT; alanine transaminase; FPG: fasting plasma glucose; FINS: fasting insulin; HDL-C: high-density lipoprotein cholesterol; LDL-C; low-density

lipoprotein cholesterol; TG triglycerides; TC: total cholesterol; Cr: creatinine; UA: uric acid; HOMA-B: homeostasis model assessment of B cell

function; HOMA-IR : homeostasis model assessment of insulin resistance; RHI: reactive hyperemia index. 1 mmHg=0. 133 kPa.

#£ 3 RHI 5&iEHREXEDH

Table 3 Correlation analysis between RHI and each index

RHI
Index

r P value
Age -0.116 0. 004
BMI -0.024 0.556
SBP 0. 049 0.230
DBP 0.079 0. 050
AST 0. 047 0.252
ALT 0. 054 0.184
FPG -0.037 0.359
FINS 0. 008 0. 850
LDL-C -0. 006 0. 890
HDL-C 0.053 0. 195
TC -0.011 0.779
TG -0.047 0.247
Cr 0.012 0.777
UA -0. 001 0.983
HbAlc -0. 144 <0.001
HOMA-B 0.032 0.436
HOMA-IR 0.001 0.980

RHI; reactive hyperemia index; BMI: body mass index; SBP: systolic
blood pressure; DBP: diastolic blood pressure; AST. aspartate transami-
nase; ALT: alanine transaminase; FPG. fasting plasma glucose; FINS:
fasting insulin; LDL-C: low-density lipoprotein cholesterol; HDL-C:
high-density lipoprotein cholesterol; TC; total cholesterol; TG triglyce-
rides; Cr: creatinine; UA: uric acid; HbAlc: glycosylated hemoglobin
Alc; HOMA-B: homeostasis model assessment of B cell function;
HOMA-IR; homeostasis model assessment of insulin resistance. 1 mmHg=

0. 133 kPa.
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Table 4 Multiple linear regression analysis of the

influencing factors of RHI

Unstandardized Standardized

Variable coefficient coefficient t P value
B SE B
Age -0. 006 0.002 -0.165 -3.450 0.001
BMI -0.010 0. 005 -0.080 -1.885 0.060
SBP 0. 001 0. 001 0.030 0.589 0.556
DBP 0.001 0.002 0.035 0.664 0.507
HbAlc -0.028 0. 009 -0.131 -3.137 0.002
FINS 0. 000 0. 000 -0.018 -0.453 0.650
FPG 0. 006 0.011 0.023 0.538 0.591
TC -0.051 0.083 -0.155 -0.618 0.537
TG 0. 007 0. 020 0.030 0.341 0.733
HDL-C 0.170 0.110 0. 106 1.540 0.124
LDL-C 0. 031 0.099 0. 067 0.307 0.759

RHI; reactive hyperemia index; BMI: body mass index; SBP: systolic
blood pressure; DBP: diastolic blood pressure; HbAlc: glycosylated
hemoglobin Alc; FINS; fasting insulin; FPG; fasting plasma glucose;
TC: total cholesterol; TG triglycerides; HDL-C: high-density lipoprotein

cholesterol; LDL-C: low-density lipoprotein cholesterol.
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Table 5 Multivariate logistic regression analysis of related parameters

Variable B SE Wald OR 95%CI P value
HbAlc -0. 148 0.048 10 0. 862 0.785-0.947 0. 002
Age -0.014 0.008 3 0. 986 0.970-1. 002 0.089
BMI -0.024 0.028 1 0.976 0.924-1.031 0.379
FINS 0. 000 0. 002 0 1. 000 0.996-1. 003 0.951
FPG -0.014 0.056 0 0. 986 0. 883-1. 101 0.799
SBP 0. 006 0. 006 1 1. 006 0.994-1.017 0.338
DBP 0. 008 0. 009 1 1. 008 0.990-1. 026 0.394
TC 0. 186 0.426 0 1.205 0.522-2.779 0. 662
TG -0.076 0. 102 1 0.927 0.759-1.133 0.459
HDL-C 0.177 0.558 0 1. 194 0. 400-3. 562 0.751
LDL-C -0.388 0.511 1 0. 679 0.249-1. 847 0.448

RHI: reactive hyperemia index; BMI: body mass index; FINS: fasting insulin; FPG fasting plasma glucose; SBP . systolic blood pressure; DBP: dias-

tolic blood pressure; TC: total cholesterol; TG triglycerides; HDL-C: high-density lipoprotein cholesterol; LDL-C: low-density lipoprotein cholesterol.
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