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Y SE I, AR AN ) T 20 TR A5 3R 0 T L ot b 00 T ot A 4 o A il A T BE R S . ik e W HE3S
BIR T 1D L L ) T REF8 b B s *ETE‘%1%E1?IEE(glycosylated hemoglobin, HbAlc) &7
KBRS MHbALCIAAR AL (HbAlc <7%) . RiEFR4 (HbAlc =7%), BREZEMA . mwbE vy XY
AR 53 R IR 5 R A 5 (continuous glucose monitoring systems, CGMs) 4l . 1548 iA Y7 41 (% H 41k
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I HE RS 22 (standard deviation of blood glucose, SDBG). 'ﬁ'ij([ﬂlﬁ?ﬂiﬁﬂ%ﬁ(largest amplitude of
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bR 22 (HbA1c-SD) . JR (4 FHLEF HE (urine albumin creatinine ratio, ACR). IR0 N &K
) B 3h k7 5K D BE (Flow mediated dilation, FMD)., Z58R: HbA1cE M iAM AL E L& Th Rk .
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SE,  MUBEBRIEZE B2 L e K s ACREE AZAE U . HbALc-SDRZM, ) R BCGMs4] 5L 4¢
WBITHA L, SDBG(2.620.8 vs 3.5+1.1) . LAGE (6.4£3.6 vs 9.6£4.3) . PPGE(2.2+1.0 vs 3.8%1.5) .
EMD(19.4£8.9 vs 12.5+10.4), Z3H G112 E L (¥P<0.05), HbAlc-SD. ACRMY 2 F LG 11
B (P>0.05), £5i1&: [UAUKHEHbA LR IAbRICIEE T T 1D B IL M4 DI RETE AL . I IR EBR 156
HEHbALCK AN, TR SC 7 MR I 2 X 148 iy fe 3 . JLEE /B AR FMD A /E S8 T1D K i & )
RE MY M FE B, ACRIN AT A Ay f3f 1M 4 S B 0 D s b o A 1T i 5 2R A 5L C G Ms 114 I s ) 7y =X ]
G b WY L DB/ ORI 2y, X IR R S A R SC, DA T LA A bl e 1 T RE R K
IR 0k M0 X L A 2 B 1 PR A AR T

VRUDBE BRI 5 L /55 4R s BRShDK A N B DhRE s IRV FULET LG s b gl

* IR —EE

7% B (Date of reception): 2020-04-13

i#{Z51E% (Corresponding author): i H£l, Email: ektyh520@163.com

HE4£TE (Foundation item): 7LJME AR EHPISFHIFS H (FYX201716) . This work was supported by the Research Project of Jiangsu Maternal and
Child Health Care Association, China (FYX201716).



JLEE / /D4 1 RUBEAROR L DIRER W AE i R At 46 1989

Vascular function monitoring and effecting factors in
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Objective: To monitor the vascular function of children/adolescents with type 1 diabetes (T1D), assess the
effects of long-term and short-term glucose fluctuation on vascular function, and explore the effects of different
ways of insulin use and blood glucose monitoring on glycemic control and vascular function. Methods: Vascular
function relevant data of 38 children with T1D were collected. According to well-controlling criterion as HbAlc <7%,
they were divided into the well-controlled group (HbAlc <7%) and the poorly controlled group (HbAlc >7%).
According to the different ways of insulin use and blood glucose monitoring, it was divided into the insulin pump
or CGMs group and the traditional treatment group (4 times daily subcutaneous insulin injection and multiple
fingertip blood glucose monitoring). Recording and calculating age, course of disease, high density lipoprotein
(HDL) cholesterol, triglyceride (TG), low density lipoprotein (LDL), body mass index (BMI), systolic blood
pressure (SBP), standard deviation of blood glucose (SDBG), largest amplitude of glycemic excursions (LAGE),
postprandial glucose excursion (PPGE), glycosylated hemoglobin standard deviation (HbAlc-SD), urine albumin
creatinine ratio (ACR), flow mediated dilation (FMD). Results: There were no significant difference in the
indicators of vascular function, FMD and ACR in two groups (P>0.05), whether HbAlc was met to standard or
not. FMD was negatively correlated with BMI, SDBG and LAGE; ACR was negatively correlated with age, course
and BMI, while ACR was positively correlated with HbAlc-SD (P<0.05). Multiple regression analysis: FMD
was mainly decided by the SDBG, BMI (P<0.05), and the proportion of SDBG was the largest. ACR was mainly
affected by age and HbA1c-SD (P<0.05). In insulin pump or CGMs group, SDBG (2.6£0.8 vs 3.5+1.1), LAGE
(6.4+3.6 vs 9.6+4.3), PPGE (2.2+1.0 vs 3.8+1.5), FMD (19.4+8.9 vs 12.5+10.4) had statistical differences from
traditional treatment group (P<0.05). But, there were no significant differences in HbAlc-SD and ACR between two
groups (P>0.0S). Conclusion: It cannot predict the vascular function of children with T1D according to HbAlc
level. In clinical practice, besides the level of HbAlc, more attention should be paid to the harm of blood glucose
fluctuations to blood vessels. In children/adolescents, FMD can be used as the monitoring index of T1D large
vascular function, while ACR can monitor microvascular function. Using CGM:s or insulin pump can better manage
blood glucose, reduce blood glucose fluctuation, be more meaning helpful for blood glucose control, so as to improve
vascular function. However, no protective effect on microvascular function was found.

type 1 diabetes mellitus; children/adolescents; flow mediated dilation; urinary albumin/creatinine ratio; glucose

fluctuation
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AT e A S 0 5 O 2l ok O 3 A 5 B9 9 B AR
i 1L &7 5K DI BE (flow mediated dilation, FMD)4%
AL LUJC A DAL L N B S e . FMDJ2 Al AU E
JoKAT B AS A PEAG O LA D RE Y T ik, LB T
o I 48 A 56 O A & AR T RERED . TR R L
Jif Lt (urinary albumin/creatinine ratio, ACR)XJH
R PR B A B B A R BN AE T LR S R
IR PR BRI WS AR R 3h B A R T RE
SRR IR & E I R R BT Rk I £ 8 (Y
I 5)j (glycosylated hemoglobin standard deviation,
HbA1c-SD) & 0H IR I I 45 IF A 5E kA= . iE B E
58 bR 00, AT AR SRy 0 D Bh 9 4 R
I B 7K P 1) B 7 22 (standard deviation of blood
glucose, SDBG) . %E[ﬂl%?ﬂi@jfﬁﬁ(postprandial
glucose excursion, PPGE)\ %kmﬁ%ﬁiﬂfﬁ)}f
(largest amplitude of glycemic excursions, LAGE)%§
8 b5 T LA B8 L A e 0 it 4 7 A f BRIz 45
IE# ABESDBG<2 mmol/L, PPGE<2.2 mmol/L,
LAGE<4.4 mmol/L"", Tf#JL# /% P4ET1D L
M I RETEBL . WFFT MW I 20 22 JBE & R s Ak ik o7
B S 7 3 OB e I T =) I AE B RE R A AT
We), A B TR PR LR PR AR, SR
0 e 1 TR 0 O U5 T BOR R RE . BGET1D &
JUAE T i K S

1 XM&R57%

1.1 3%

SV A Al N R BE B BE A A8 B AL (L
TR B ; M5 2017KY-021), YT
Be i 12 JF W B2 09 i JF L E T 1D L
38U, AFHE(9.8£3.9)% 0 WASRIUE: 1)FEHL
MA=11.1 mmol/LE = MM =7.0 mmol/L
oy 1 RO it 4 505 (oral glucose tolerance test,
OGTT)2 hifii#f =11.1 mmol /L5 Bk ifn £1 7 14
(glycosylated hemoglobin, HbAlc) >6.5%%# ;
2)A MR CHK<200 pmol/L#H 5 3) UK 5 40 i 4t
(ICA) . PUBEE R BUIK (TAA) B HT 2 R
REF PR (GAD) M H . 4) RIWEIR <144
S)RAB S35 191 LABRARE K0 5 6) MM IR & 3R IB YT o
HEBRARUE : 2BUBE R . 7 5k 2 BUE IR 5 & A7 7E
W PRI 1ML I RREH .

1.2 948
WRIEHbALAK T, KIEHbALc<7% M B
bR e, BT SE AT S0 N . HbAlcikbrdl

(HbAlc <7%); HbAlcAKRIAIRAL(HbALIC=7%),

HE A8 1B By 2% el ) S afi o e 0 B S TR, K A0
GERT G 41 Ry T I 3R A B8 £ MU WS (continuous
glucose monitoring systems, CGMs)iRJr4l; 1448
TBIT A (B H AU T RS B8 3R . 2 IR R A
W) .

1.3 Fik

ABLZ A I 4 o 8 22 76 40 A8 D o 16
B i CGMsIC s ML 5 [A) IF 30 SR S8 LB & R
. CGMsHH TS ML

BINMHZREMIUTHbA L, = Bt H il
(triglycerides, TG). HH[# P (cholesterol, CHO) .
%%Eﬂg%ﬁ(high density lipoprotein, HDL) .
%% £ 5 5 1 (low density lipoprotein, LDL) .
JRACR., ILH . Hm. hE, 2O0EEELA
FMD,

FMD: F#lR&E T, RMGE ViVIE9s i/
B, oL¥Ek, MiR7~12 Hz, METIDHEJLILRR
B TS KNAED, . W E]-# VT T3
J vl 78 BE 20 ok 32 o I s (R 07 K T B& il il e
50 mmHg, 1 mmHg=0.133 kPa), 5 min/5 dL i F L
JEJ1, 1~1.5 min Nl & AL SR NAED, . 38 - I [A]
BAPVTI . iCRTIDEILFIZEFMD, e &R
IRIT IR R6 H A FMD

BWHE bR AT LR L,

®1 BUUEIRTE G

Table 1 Calculation method of each index

ST A

BMI/(kg-m™) R/ B

WML AW sh/% MR INZ0 8 AR fE2E (HbA L c-
sD)

S 30 AR 3/ MK (AR 7E 22 (SDBG) »

(mmo-L’l) 1 H P2 5 s 0 b i 22
B UM% Bl IR B (PPGE)
AR 2 Wi IS AR R A
T L 25 1 246 %o S 21
o R A 8 2 1 % (LAGE)
H P K AR/ MU 2 22

M7 5 N &P 5K 2 (D1-D0) /DO x 100%

fiE(FMD %)

ML /mL VTIx 7 x (D/2)*
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1.4 GitF4biE

K HISPSS 230817 £l 73, B4 it
i ORHE i B B bR UE 22 (Rts) R, il i Pearson
AH O A3 AT AR IS, BMI, U4 R (systolic blood
pressure, SBP), LDL, HDL, HbAlc-SD KPPGE
HRME g (FMD) . &4 2 fig (ACR) 1Y 4
Kk A ES AR HMEQE R, it
SpearmanfH XM M e, IHEEEE, TG, SDBGMK
LAGESFMD, ACRIWAHICHE:; #— R Z T
JH45-HrFMD, ACRAYSZIE A 2 5 38 o o0 57 FE A
5 43 A1 9 2H R Hb A 1 c iR 1 O 78 1L 45 2 ey T 1Y 22
Sy 38 S A A RS 56 BT A (R 2 i I 2R
JH R M A DT ot B 2 L il A8 B R R e 1 22 S
. P<0.0SHERAGITFE L.

2 #£R
2.1 IR F#

ZNAMFFET 1D LY TOHE PR I8 I A Y i
REFBL, HIEA G RGO L2,

F2 EARE R (n=38)
Table 2 Basic data (n=38)

FEARTER Kl
R % 9.8 +3.9*
BMI/ (kg-m™) 16.76 + 2.45*
4 Hs /mmHg 104 + 11*
LDL/(mmol-L") 2.19 +0.81%
HDL/(mmol-L™") 1.37 £ 0.53*
HbA1c-SD/% 2.7+ 0.7%;
8.6+ 4.3
A4 / (mmol- L) 83+ 1.5*
PPGE/(mmol-L ") 3.1+1.5*
ACR/(mg-g ") 17.99 + 8.71*
EMD/% 15.43 +10.26*
e/ H 25+ 63
JiF [/ (mmol-L™) 428 +1.86"
TG/(mmol-L™") 1.19 £ 2.01°
SDBG/(mmol-L ") 3.0+ 1.7
LAGE/(mmol-L™") 73+7.1

*xxs5;"MxQ.

2.2 HbA1c & B A #R £ FMD, ACR Il & If g€
FHEHESR

HbA1c/E 7 IAPRIEFMD . ACRJT Sz i fi 145 3
e F 22 RG24 L (P>0.05), WK1, 2, ALK
SEHbALCE R IAFR A BE R LT 1D LIS ShAETE I

30
P=0.636

20
= n=26
ES
a n=12
=
=9

10}

0
HbAlcikAR4H HbAlcAIARRLL

El1 HbA 1 I E SLFMD Y £ 57
Figure 1 FMD differences in different HbAlc control groups

30F P=0.270

| n=26

)
=

ACR/(mg:g ")
S

HbAlcAFRZL HbA1cAARRLL

B2 HbA 1 FIIESLACRIIE &
Figure 2 ACR differences in different HbAlc groups

2.3 FMD, ACR HIfEXMS

4E¥%, BMI, SBP, LDL, HDL, HbAlc-SD
KMPPGEFF A IEA 4340, il FPearson A 70 H7
Ji e . JH[EEE . TG. SDBG. LAGEIEIES /M1,
Spearmanfi XA 78 . FMD5BMI. SDBG.,
LAGEf MG ; ACRSGAERY, HfE, BMIFAH,
5HbAlc-SDIFAH(F£3).

2.4 ZLEESH
2.4.1 FMD #5 % 7L )2 5 H7

#BMI, SBP, TG, HDL, SDBG#{TZ£ [
45381 (F4), FMDHISDBG. BMIIE, SDBGHR
WEfL R R K, T SDBGXT K IMILAE P B T BE 52
EH &K, SDBGU s K, F3uum NS MmN
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B MR I 20 PR B sk DO RE 22, 45 G HARBORL
HoAh AR AR IE LT, B9 301 mmol/L,
FMD F[%4.423%; BMIAHHII kg/m*, EMD F[#
1.634%.

FR3IFMD, ACRIEXMEZ 1 (n=38)
Table 3 Correlation analysis of FMD and ACR(1n=38)

B, WREEBTIDA LT, HbAlc-SD Jsh#ik, ol
FHACRBA, MEHEARE ETREM A, H
B E B A D e A 2 5 AR UE LAt B 3 AN A 1 L
T, HbAlcH W B)1%, ACRIENI4.189 mg/g-

RS ACRE TTEIASH
Table 5 Multiple regression analysis of ACR

o FMD/% ACR/(mg-g™) - Anifitl  pnifEfe el 48
et £y , . t P \
r P r P £ £ T1VIE
S 0.022 0.894 -0.491  0.002 HbAlc-SD  4.189 0.354 273 0.01 1.119
AR IS 0.011 0.948 -0.613  <0.001 IR -1.106 -0.495 -2.761 0.009  2.141
BMI -0.351 0031  -0397 0013 e -0018  -0.066 -0395 0.695 1.877
SBP -0.113 05 -0.223 0179 BMI 0.03 0.008 0054 0957  1.645
JIE ] e 0.059 0.725 -0.08 0.634
=R -0.018 0916 -0.041  0.80S
LDL 0.108 0.52 -0.059 0.724 2.5 R IE,] E‘JJI[[*E%‘.‘"EE??KEHH*E?’E ﬁ?u\ ﬂﬂ%lj] ﬁlé‘,
HDL 0.065 0.696 0.119 0.478 HFENER
1% P35 -0.117 0486  -0.003  0.987 Fie BB 5 2Rl T X ai v e gy =X B R TR 43
SDBG -0.568  <0.001 0.06 0.721 Mg, MHMSI AR . S ERLCGMs
LAGE -0.464  0.003 0171  0.305 BIT 518187 LS. SDBG[(2.620.8) mmol/L
PPGE -0.266 0.106 0.013 0.938 VS (35i11) mmol/L] 5 LAGE[(64i36) mmol/L
HbAC1 -1 ff ~0.073 0.662. 0002 0991 vs (9.6%4.3) mmol/L], PPGE[(2.2£1.0) mmol/L vs
(3.8+%1.5) mmol/L], FMD[(19.4%8.9)% vs
HbAc1-SD 0.098 0.559 0.486 0.002 ‘
(12.5+10.4)%], BV R ELCGMs4SDBG.
LAGE. PPGEJ B/, FMDH &, ¥R A5 it
4 EMDE R EES A 2225 (P<0.05, KE3~6); ACRK K 1 B4 zh
. . . FIFE PR HbAL1c-SDAE AL Z 7] 22 S LG 1T 2 X
Table 4 Multiple regression analysis of FMD ( i )
7, 8)o
sep Anifetl  FrvfEfk el
2N N N N
! RHB  FKp GiiVIE
SDBG 4423 -0.447 -2.881 0.007  1.136
30 P=0.040
BMI -1.634 -0.390 -2.398 0.023  1.251
SBP 0.161 0.167 0962 0343 1427
TG -0.163 -0.104 -0.597 0.555  1.445 §
=
HDL -2.233 -0.115  -0.658 0.515  1.432 2

2.4.2 ACR % LW )3 4 #7

BAEWS . % FE . BMI. HbAlc-SD4§ AACRMY
ZIotH AT, 4R AR . HbALc-SD
Gt 5 L (P=0.009, P=0.01), #rifEfk R%Es
) H-0.495. 0.354(5%5), HbAlc-SD B R KN IE

fegtifyr

Ji 1% 2 A 0 CGMs4

B3 R [@iafr 77 RFMDHI £
Figure 3 Differences in FMD between different treatment

groups
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P=0.012
~ n=22
-
g n=16
E
~
0
m
a
w
B2 Z R CGMsZH iy

B4 RERITTARSDBGHER
Figure 4 Differences in SDBG between different treatment

groups

15

P=0.021
| n=16
0

[t A COMs 4L

n=22

—
=l

LAGE/(mmol-L™")
wn

feseipral

Els NEiRTr 7T RLAGER £ R
Figure 5 Differences in LAGE between different treatment

groups

6
P<0.001
T n=22
R
°
g
g
= n=16
o
i i
~
0
Ji 8 AR B CGMs 4 V|

El6 NEGTr 77 RPPGERI £ 5
Figure 6 Differences in PPGE between Different Treatment
Groups

S Z£E K CGMs41T1ID & JLIUSDBG,
LAGE, PPGE#/N, Bl i s sh#k/ N, HEMD

Ly

30r P=0.669

[}
=1

ACR/(mg-g™)
S

Ji 5% 2 AR B CGMs4L
B7 RERITHF RACRIE R

Figure 7 Differences in ACR between different treatment

fegeityral

groups

P=0.620

HbA1c-SD/%

JE i E R s cGMs4L

fegtifiyr il

El8 R [EiATr 77 EHbALc-SDHE R
Figure 8 Differences in HbAlc-SD between different treatment

groups

3 itie

WD RERE T 2= 5 1 .0 8 % & Bk
LRI N TENUTE DN R (1K= 7 17 A s A
B, FMDH AR A LLIC BT Al K il 4 N Bz D g
Fegl e LE . FEAMP, FMDAEN —Fb
AR AME H 5 5 15 Tt T 25 ) o 432 o AR5
HEMD V- S K WL W] R AR, R WA FR AT Bl
Vit B R LB B s N R E, 5§
Ciftel % PIF S 26 W T 1D 35 A PR L4 I 42 4 19
JLFR} BB AE A B % 30 ) Bz D) fE PR 1% (end othelial
dysfunction, ED)MJE5HRA—3, 447 5K ] fg
e ARG S L) A LR R, A
WEFE 0995 1116 B2 (AL B 254 H ) R B0, il
H T 00T 1048 P B Bl B B 45405 17 B0 18 R AT DA
o Giftel % P BT B V- S B AE 74F 22 A
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TI1D&EJLE B N B i . Rk, RATHZ
T J5 301 54 A B ] B S0 R LR AT B U & A
DA % s 2 B0 ot A 9 R AR 4340 -

AWF5% B /"FMD 5SDBG, LAGE, BMIAH
*, HZIIChIHAHFEMDAZSDBG, BMIM M,
SDBGIH M FL il i K, 78 HAB P Z AT,
SDBGH K, FMD#/IN, K4 P K D) HE ek 2 5
R0 67 00 1 W 8 DBk K, FMID S 14 O IfL A5 P Bz B
REM2E, (HHbALCE R IAPRTEFMD 7 I 25 5 -
DCCTHYEHE S22 B T HbA 13k bR % Uk 20 4 b 9 IF:
KE W KA oy B, (G R RE R R I BE T Y
Y, HbAlcT kbR, A3 4 5 IF &5 W &
ARG, TR] R BRI R T A & 1 A G e il
W sh 7E 8 RS O K E P i M, T1D L4
5 1A 1 B2 A W R FMD S B 4 10045 P Rz TE )
e A T EENE S, SIS N )
RERMI0TY, BARZHTID LAY BMIL T 1E % 1
Fl, H2mik, FE2EFFENMNTIDEILAEENE
B OFFLL, BZRIETIDE JLIBMIZEL, Rk
G R TN EE T 1D A8 LA P 52 D RE 049 110 1o

Z WURESE om0 2 AL L IR i A oy
RS ARBFSE B AT % R IESE T 1D L
IR . I He K 7 5 FMD B I 45 P9 Bz B e 45455 A
X, M B R R AT B SE R4 N T1D Y
JLE, MBS YK FIE R JE R, HJG i E
0L, % R SR . R IR S 3l ook A A AR Y
FER R, T aksw B m Ag . i K, i
B 45 T F6 A e AE 25 6L 9T BOUML A P9 B2 T BE AT g B
ORI

Zi I, EMDAE N —Fh TCRIIEAS K L4 i
BER B, FEIGIR TAEH o] A — 2 b, J6 i
Wi sh % FEMD HAT B VE AT, X Al oKl 45 o8 2
Yrhe X [l 3ZBMI LA B I A5 = 52, i LA
FEI R T AT o WE 278 728 Wil if 8 N B2 ThRE, RSk
TEIX LN, bk H T i B P9 R D RE B A -

I A8 I & A A W DR I A8 I i 1) o
B T e o AL, AL R B .
JEG s, HHBT A RN T A6, RE
2B YR K B R G AE o ASHIFZE H I ACRR L
B2 S0, 0 H BT A B ST 09 1 R DL I A
AL

AW IR R WTHbA LR & ik bn IF JF i
Wi 34 I A T RE B I 2, (HACR S R K 3] 1 B %
B HbALc-SDAFFEIE A &, I K 0 i 5 0% 2 sk
K, ACRITARZ BRI T RE R 25, M R B
S BRI A O AR e AR R . X 5 Kilpatrick

A IR BESY B 7R HbA 1 - SD 5 18 1L 45 3 4 i A
HE R MY 45 B — 80, HbA 1Y {E Al DL
HbA1cfIM 4 I & 5E, HbA1cH % ShAE A il kK 1
G SR FE AR, HEREAEAE PEAS D CCT H - 257 1M A
(14 5 1% S AU B N T -2 Hb AL AN 3B AR BT SOHE K
95 B9 0 KU ), AT A S VA T B AN TE

SR, H FE A 78 WA UE P56 2% B 4 30 1 b AR
PR AN I K0 2 BIAF AR BE 2R o 4545 Lachin %!
IF 5T 43 BT T DCCT 25 i b W il i 45 10 % 8h K2
24 hIREE A HEME R A B0E , HLo7E o % 08 31 2k o
AN 8 HE W I B, A5 SR AT oK fig 2R BH mOE Dk B
PR D) A B A R A e AR Y R R R OGS
AR i 7 o 300 At D 3 mT RE O N R IR A
KA RS e R, AR WS U 3h AR B AN
SR KA A N B DO RER 05, [R) Bt AT 46 425 fal
BRI e 0 it Bk 3h AT R S OB IR
T I R AE R N R, X RATENG IR T
fEh RS — L2, EidCOMsIEETEZ |
4 T () R BCHE E AT B0 E s R A& B A i
BB S5ACRINER

ARHEFEAEANE S R . ACREAER . ok
. BMUFAESMA G, HEZHRZEEIHSHBFFACRYS
BMIM R FE LRI R, A HT4F i 5 ACRE AR Y
JEA AN [ AR i B ] LB A K AN TR, A i
K, HUERWUEF =4 . HEb &L, i A& A oK
VIR AN, BACREL /N, DIACRIE M IEIR 1L
WA e B R, O TR RULAR RS, RIS LT
ACRI 6 W47 S5 e B O ke 1t 5 T e

el R IR 15 3R 2R St 1) JBR B Z AR AR RYT . CGMs
B AL M T1D L e S BEA LA H T H.
AHIF 5T il R 0 2 5 B C G M A B IR 9 T 1D AR
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