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Effect of blood sugar fluctuation on diabetic nephropathy
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[ Abstract |

Diabetic nephropathy is one of the main microvascular complications of diabetes. In recent years, it

has been found that the fluctuation of blood glucose can aggravate the occurrence and development of diabetic nephropa-

thy,and the related mechanisms are complex. The enhancing oxidative stress,inflammatory response and acclerating ap-

optosis may be its mechanisms. This paper reviews the research progress of the relationship between blood glucose fluctu-

ation and diabetic nephropathy.
[ Keywords |

sis; Review

TATIA VR A S s R DR B R A Bk S 1R 4F
ETE R 8 FE P PR R T A BRORE R A
2045 4EfEIR 7 A2 UM EE NS GEREN B
2o WIS F (D) Sl P fo e DL ) e
H A2 — A 2 BUBR PR [ DN i) B8
TR 21. 8% 2 SRR I AR T 11 32 B
Wi, DN Eﬁﬂﬂ@ﬁﬁﬂﬁ?ﬂ%ﬁ%é{%’%, HR M
HMRPIRAS T 1R A Y AR L GBS D 2R B /BRI
TSI A IR 1 7= A R S L R A I
W KRG M A 2R EA D BAREICT
B DR FES ) A AL 2 220 1 22 , (EL B A ik
FERAEIFABESE e B B DN 19 & 2R A Lo L 4F
K —LEHIFSE e BB Bl -5 W PR e P A =2 1]
FAAE—FE RIS, ARSI AR & I A AE 1Y
fei L B RS R S O R DR E A
MBS S P 1 o 5% 2R IS i A 22250
1 m#FRshHE SR ERN A %

MU IR Sl i IR 7 SF-7 vo E5 RRAEL ] A2 AR
TR, AR R U 5 51, B () AR
ZhATH A AR Bl , a0 ARG R i 5 2l , RV 1M
ZLEEH (HbA, ¢) Jidlh . HARREL NI 21
2017 AFAGA 4 BR 1 T MU 3h 3R —— OBl o
B MU E B L IR (LUR RIFRCIER))
ST MBS 19 = EZ PR, s g 4
FShAE ARERIZ4 o (IR AR B i W g
AR, St T P U s 5 O R AR - sh 25
MU 032 (COM) Fd i & H 7 Y45 mopl il 2
(¥ B FRMUBE I (SMBG) o COM Z5{H.53 531 A i

Diabetic nephropathies ; Blood sugar fluctuation; Oxidative stress; Inflammatory response ; Apopto-

WK T B9 45 fE 22 (SDBG) | ~F 34 1l W% % 3l i B
(MAGE) f K MUB 30 i 3 (LAGE ) | H [a] ifi b P
Pyt xt 25 (MODD) %, I UKifisE 17 F SMBG J7
PR M 3 2 % {8, 135 SDBG & 5 I I
i (PPGE) F1 LAGE 4§, 3 1 & 7 112019 4
ADA BRI BE 28 PR O A X T 7 B % 3k
AT LB 00 6 AR DR R R SRS L 0
(FGM) 1 # 1{ SMBG 41 2y % FiI f) i B3 4 00 = Bt
FGM #:48 SMBG {1y [ 3 W5 I T B, o 7/ 4, 0 45
B, WIS B 5 B A . —TNA S T
SO I B B S SRS R L (] FOM. i
TS =N TR R i < E I v N N RN ]
(TIR, H#RJEE N 3.9 ~10.0 mmol/L) B4 , {Ik M bk
P V) S LA O 3 DS, R R T I R
b B PR R UG 3l 1 IS T IR R R 3K
1 A8 i R B RATT AN 45 R AR s o ik
U Bl SRR PRI I & 9 1 ik 57 £ 6 PR 26, I A1 It A i
B MU R A RO — A AR

2 AR B S R e 2 0

2.1 ZhWISEE Ying U K BRI B A R AR
KRB IS (AB PR s K B, VB ZINBR R B 1 AR 40
BB /INBRBE L 35000 15 5 B /I BRI B JEE L 24
Ja 45 105 45 A5 A B Ol = i, Cheng 25 BIF5E & BL A5
T 11 IR L, I J5 50 T 308 2 48 o e DA
GIEN I S T B2 TS VAN = o i R P s
fa#, Zhang My SD K FUBE R AR R, B
R S IR LL L U % 3 7 O KRR N
T EBNIKET AL, T 5 5 A 3 35 00 T 25, ) IF i



Il RS 2020 4E 8 HEE 23 #4554 3 Chin J Clin Healthe , August 2020, Vol. 23, No. 4 . 447 -

P ShEE p38 MAPK 155, fE #E 4 A i 2& (ROS) (Y
SRR A S S R LR D S RE RS AT 2
PR R SR P B S RERE RS S 2 B FL A
BLENE AR IEAE
2.2 IGERBFSE I RO & PR 2 OB R R
FEI MR e MR S, 2 (8] A K=, H ]
PR Zhou Y HHFSE LS B R 5 MAGE
IEHAAHH , MAGE T4l B E s B IR A& A
R EFE(7.1% [ 18.7%),P =0. 022, Jin
2L ety o SR W R OB I 3 K 6B PR SR K
1R 1 RR & A i R 3 8 . Jin 451 5 g
CGMS F il 22 4t & BRZEAR I BH i g B s A 3 e AR
FRIT LA B 5 55 2 L9003 A7 00 1) ot A 2l
Ko Monnier 257037 st I PRAFF 5% S8/ , 48 I I 48
0o AR A V7 U4 i A P B M v ML S B
o WA KB K 5 2 D S AR T
UL M H kKo %, 9K MARCH #f
S AT, B FER & MARCH A 55 H Bl < 52 0%
U7 T R P L HE A S B B 2 T £
o 5N, 48 JE I, AE B 2H OB 4 A AL Y
TEOUT, BT PR R AT PR 1 88 LT LU R BEAL T —
FAORUIR , by SR, BT B AR AR DR 1 26 1 HEE , 5
M S I W IR B ARV R RT RE A5G, ol 5 10 % 2 B
SR AE AR AR A T L R AL,
Suzuki 257 % B IKIEJIKT 4 (DPP-4 ) 414 57 7
ST HAR 5 AS IR B REREAR H R T2DM #8.3% #4945 H I
WIS, Cho 45" f il R S B0 2% S 57 5 B0 T 4 —
AL 12 8 1 2 (SGLT2) #ill il 54 Lk, SGLT2 f1f)
HIFEEA DPP4 HI5AT6Y T R B & PRI I 31
3 IEK B X HE R I S Y 2 A AL
3.1 LRI AL IO RS LA P A
SHusa b R 500 78 28R, ML N 9 3 1 ROS
FITE RS A i3 (RNS) f 52 38 2B BN R, 5
LS I Y S RE Z 4. ROS 4% 18 A B g 1
(0, ) JRH M (OH ™) i A LA %, RNS {15 —
AALA(NO) G MR £ (ONOO ) 45 Hl PR IR
25T R AR LI - 1 8 725 5 PR 18 1k I 0 L 4
FEWE O B 10 & A R R I 6, X v] B 5 b
AR T2 L 3 A o 2 A S i i
THER A RGP, BNk AT /NS 241
[ iR 1 JEURV A 1T (NADPH ) S04k it , 78 et IR 25
TS5 ROS WA, 1618 1k = B AE H, D) ik
2R VR 14 B /IR 40 i /NS 2 T B ROS g 2

JI, X ] BE R B L A A5 . Moonier 251y
T 2 AR 5 IUBE 2 T e A3 s P v i A 2
TR PR Jp 28 2 1A A 18 A8 A I K T S 8 e I W A
Z K52 H = . Dharnidharka %[23] W B 2 7
BEPRI A DN G825 L i B 3 2 B 3 v G B o R
L, FLRTREAIAIL A I0BE % 20 A2 T2 1 A1k 4
T A A S, IR P B A0 A 4 53 4% I T o R 0 A O
JULHE 2B, X6 0L PN B A B E

PI3K/AKT {5 5 1 %2 5 85 2 Fh 20 0 A= i %
By, o A 45 41 B G 5 L bR T AR O A A R SR
AKT iR A0 AT B4 P T 480 A S 07 033 1 4 1) 2k
g o WA RTTE i A 5 | 1) B U A B 0 =, k5 ik 2n
MAFE 2 s R B R P, PIBK/AKT {5
53 B U R Sk R F FoxO1 #4fi| AKT (1) 5 iR
b, A2t ROS 7K 18 150 B B /INek 28 FE 240 e 3 A
R 02387 o WIS R R 3 ( GSK-
3B) & AKT 1y E 88 1, W2 1L 5 1% 1k 1 GSK-
3B Al HE— 2D PiE T i NF-KB A% 5% 5% A+ Bax | 2
PERAHFERM T E A, 2 TIF 24 A 2,
AWEFE I = S AT DL s i AKT BEER AL, f2 £l
GSK-3B i BRIk, e 25 | e B /INER 22 400 it iy o
R
3.2 RYERNL BRI I SOAE 2F UL AE I AR R —
LA 2 R, i A A W R g 2 — IR B S 1 9
5, A I SV SOE PR - S B PR AR 6 , 3 S F 92 8
T A PR £B (AR PN IR I SR G R 1 9% M e I 2
DN L AEFUR A BS . WF50 R B, 2 OB R
S I 2R 2R R R TR A, AL
B C RN R, 2 4E 8 A5 (FIB) Fim 2% 3¢ # A &
1A 252 Hofmann 2572 K0 T 33 4% 4 IR i H
FH0 R M AAZ AN NF-«B B3, 45 R Bon 51
DN {1 &8 & AH b, DN 8 3 R 8 59 1) NF-xB 119
DNA Z5 476 M:, H NF-kB 145 476 M 52 1 R R
e M A 9] B VR B AR O . IR SR UE S, ey I A
FOMBESE S, AT LS B A s v e e i £,
5 4 M Y SR 8 S I 1 — 2 X6 S A B Sk
BEHHUR ) NF-kB 45 Z 50 40 g B 73805 ' 755k 4k
2DV 1k COM Wi 2 URS R ERE 72 h ), R B
Ejfae e ABEAH L 2 RUBE PR s 2 35 AR N TNF-  IL-6
KBTS BT TNF-o TL-6 347K - bifi 25 1
PRI B s B E ST i o 45 R4, UM e sl il DA
i A LS R 295 1 | IE R 7 | K = e < T A
I AR 72 45 SR R S 7R 1 I 3 mT n s AL A4 56



- 448 - Hh [l R R e 2

2020 48 HE5 23 #4554 3 Chin J Clin Healthe , August 2020, Vol. 23 | No. 4

PR , A2 43 PR 5 2 Jee
3.3 4AMU TS ARSI IR B 3 0 E R AR
1T RE -5 U0 A T A5 0 B, A A R T G,
Wu 2550 T 3R 20 Sl A A e e I B T
A8 PN R A0 LR T DI R AR AR SRR A 1Y) 52
308 3 ) R PR R BRBE AR, R R M MW I8 3l e 5
A2 PN Rz A48 A I R AR M S, 38 I A% 4 i 5
PN R 2 BRI R B, 3G R R R T SRt
WEAH L , IR 20 5 R s i 1 10076 PN B AL, 3 4
DNA JE{EdE4iMa i 1, 42 i DN i &A=

ST S VN YN VN S g ) O
b &I 11 NG = 4 N = w1 DO R e 9 P
(Bax) (&35, M I T2 (Bel-2) Kk, @
a3 S B W U Bl AR AR, R B I W U B0 A K R
I D5 PR AR T L B A — A% Y TR ol PR 2R AL I 4 ( NOX-
4 ) EAEE/NE L R FRs B B, NOX-
4 J& NOX [y—Fpilli i, 76 5 v 463k, Nam 255 2 3R
8T NOX 4] 550 J , 0 P s K B I 2H 2 rf ROS
WL PR /D, B 2 205 B ol A8 M3 IE SR T
WE IR B e 10 A e g o HE— 20 I AIE 5 5 3
NOX FnZekifkrytLm/E MR =4 17 ROS,ROS "] L)
H#51 DNA #4538 s S i i g8 -, d ] DA
Yok 88 1 B foft 20 B L o e I 5 S 4 L R 1,
HARBOE S JE T2 Y easpase-3 I p38MAPK j& 4%,
M8 i =0

(i) ey AH — 7, BB 3 1% e i 0 1A T3 I iz 98
FEEE Al SR T K DT R AN
TN BB ST T B N ER R AN MR T, HLRT RE
5N R i PERK Gl A5G, Bel-2 R HLIH T
YRR, GRS P 5T Do 1 5T S5 R T, 2 PN BT I
PR SN LRI o PN BT D 8 & AE s, CHOP
B RO T Gk T B Bel2 Ik TR, T
AL

ML MBS 2 5 T DN & AR i, AR
JEE A e TR v IR, AL ) 32 2 AT R
AN, (58 A I RN 2 240 O T T A
YERT, B UIAIL I 1 15 2 — 25 A 50 TR AN ] ) 1
P BN 2RI BI85 %00 5 5 Jo 40 i 1 460 5, AT 4
A8 TR

S % 3k

[1] SAEEDI P,PETERSOHN I,SALPEA P,et al. Global and

regional diabetes prevalence estimates for 2019 and pro-

jections for 2030 and 2045 : Results from the International

(2]

(3]

[4]

(5]

(6]

(7]

(8]

(9]

[10]

(1]

[12]

[13]

Diabetes Federation Diabetes Atlas,9th edition[ J]. Dia-
betes Res Clin Pract,2019,157:107843. DOI; 10. 1016/
j. diabres. 2019. 107843.

ZHANG X X,KONG J,YUN K. Prevalence of diabetic ne-
phropathy among patients with type 2 diabetes mellitus in
China; A meta-analysis of observational studies[ J]. J Dia-
betes Res,2020:2315607. DOI;10. 1155/2020/2315607.
CHEN S, JIM B,ZIYADEH F N. Diabetic nephropathy
and transforming growth factor-beta; transforming our view
of glomerulosclerosis and fibrosis build-up [ J ]. Semin
Nephrol ,2003,23(6) :532-543.

BONORA E,MUGGEO M. Postprandial blood glucose as
a risk factor for cardiovascular disease in Type II diabe-
tes :the epidemiological evidence[ J]. Diabetologia,2001 ,
44(12) .2107-2114.

TR PR 2 N WA oy 2. B DR B I Sl A B
LRI, 2500840 ,2017,14(17) :5-8.
AMERICAN DIABETES ASSOCIATION. Interpretation of
standards of medical care in diabetes-2019 [ J]. Diabetes
Care,2019,42( Suppl. 1) ;S76.

DANNE T,NIMRI R, BATTELINO T, et al. International
Consensus on Use of Continuous Glucose Monitoring[ J].
Diabetes Care.2017,40(12) :1631-1640.

KERN E F O,ERHARD P,SUN W ], et al. Early urinary
markers of diabetic kidney disease:a nested case-control
study from the Diabetes Control and Complications Trial
(DCCT)[J]. Am J Kidney Dis,2010,55(5) :824-834.
YING C,ZHOU X,CHANG Z,et al. Blood glucose fluctu-
ation accelerates renal injury involved to inhibit the AKT
signaling pathway in diabetic rats[ J]. Endocrine, 2016,
53(1) :81-96.

CHENG X, GAO W,DANG Y, et al. Both ERK/MAPK
and TGF-Beta/Smad signaling pathways play a role in the
kidney fibrosis of diabetic mice accelerated by blood glu-
cose fluctuation[ J ]. J Diabetes Res,2013:463740. DOI.;
10. 1155/2013/463740.

ZHANG Z Y ,WANG N,QIAN L L, et al. Glucose fluctua-
tions promote aortic fibrosis through the ROS/p38 MAPK/
Runx2 Signaling Pathway[ J]. J Vasc Res,2020,57(1) :
24-33.

WANG J S,YIN H J,GUO C Y, Et al. Influence of high
blood glucose fluctuation on endothelial function of type 2
diabetes mellitus rats and effects of Panax Quinquefolius
Saponin of stem and leaf[ J]. Chin J Integr Med,2013,19
(3):217-222.

WANG C,LV L F,YANG Y Z,et al. Glucose fluctuations
in subjects with normal glucose tolerance, impaired glu-
cose regulation and newly diagnosed type 2 diabetes melli-
tus[ J]. Clin. Endocrinol ,2012,76(6) :810-815.



A e R AR B2 7S

2020 4E 8 H%523 #4554 3] Chin J Clin Healthce , August 2020, Vol. 23, No. 4

. 449 -

[14]

[15]

[16]

[17]

[18]

[19]

(20]

(21]

(22]

(23]

(24]

(25]

ZHOU J. Relationship between blood glucose variability
and microalbuminuria in type 2 diabetic patients with
well-controlled glycosylated hemoglobin[ J ]. Zhonghua Yi
Xue Za Zhi,2008,88(42) :2977.

JIN S M,KIM T H,OH S, et al. Association between the
extent of urinary albumin excretion and glycaemic varia-
bility indices measured by continuous glucose monitoring
[J]. Diabet Med,2015,32(2) :274-279.

JINY P,SU X F,YIN G P,et al. Blood glucose fluctuations
in hemodialysis patients with end stage diabetic nephropa-
thy[ J].J Diabetes Complications,2015,29(3) :395-399.
MONNIER L,MAS E,GINET C,et al. Activation of oxida-
tive stress by acute glucose fluctuations compared with
sustained chronic hyperglycemia in patients with type 2
diabetes[ J]. JAMA ,2006,295 (14 ) .1681-1687.

TSAI C J,HSIEH C J,TUNG S C,et al. Acute blood glu-
cose fluctuations can decrease blood glutathione and adi-
ponectin levels in patients with type 2 diabetes[ J]. Dia-
betes Res Clin Pract,2012,98(2) :257-263.

PAN Q, XU Y, YANG N, et al. Comparison of acarbose
and metformin on albumin excretion in patients with newly
diagnosed type 2 diabetes: a randomized controlled tria
[J]. Medicine ( Baltimore) ,2016,95(14) ;e3247. DOI;
10. 1097/MD. 0000000000003247.

SUZUKI R,EIKI J I,MORITOYO T,et al. Effect of short-
term treatment with sitagliptin or glibenclamide on daily
glucose fluctuation in drug-naive Japanese patients with
type 2 diabetes mellitus[ J ]. Diabetes Obes Metab,2018,
20(9) :2274-2281.

CHO K Y,NOMOTO H,NAKAMURA A, et al. Favoura-
ble effect of the sodium-glucose co-transporter-2 inhibitor
canagliflozin plus the dipeptidyl peptidase-4 inhibitor
teneligliptin in combination on glycaemic fluctuation; An
open-label , prospective, randomized, parallel-group com-
parison trial (the CALMER study) [ J]. Diabetes Obes
Metab ,2020,22(3) :458-462.

SHIOSE A,KURODA J,TSURUYA K,et al. A novel su-
peroxide-producing NAD ( P) H oxidase in kidney[ J]. J
Biol. Chem,2001,276(2) :1417-1423.
DHARNIDHARKA V R,KWON C,STEVEMS G. Serum
cystatin C is superior to serum ereatinine as a marker of
kidney function;ameta analysis[ J |. Kidney Dis, 2002 ,40
(2):221-226.

NAGAI K,MATSUBARA T,MIMA A, et al. Gas6 induces
Akt/mTOR-mediated mesangial hypertrophy in diabetic
nephropathy[ J ]. Kidney Int,2005:68(2) :552-561.
MARIAPPAN M M, FELIERS D, MUMMIDI S, et al. High
glucose, high insulin, and their combination rapidly induce

laminin-betal synthesis by regulation of mRNA translation in

[26]

[27]

(28]

(29]

(30]

[31]

(32]

(33]

[34]

(35]

[36]

[37]

renal epithelial cells[ J]. Diabetes,2007,56(2) :476-485.
DAS F,GHOSH-CHOUDHURY N,DEY N, et al. High glu-
cose forces a positive feedback loop connecting Akt kinase
and FoxOl transcription factor to activate mTORCI kinase
for mesangial cell hypertrophy and matrix protein expres-
sion[ J]. Biol Chem,2014,289(47) ;32703-32716.
SHANG G,TANG X,GAO P, et al. Sulforaphane attenua-
tion of experimental diabetic nephropathy involves GSK-3
beta/Fyn/Nrif2 signaling pathway [ J]. J Nutr Biochem,
2015,26(6) :596-606.
FESTA A,D’ AGOSTINO R JR,TRACY R P, et al. Ele-
vated levels of acute-phase proteins and plasminogen acti-
vator inhibitor-1 predict the development of type 2diabetes
[J]. Diabetes,2002,51(4) ;1131-1137.
HOFMANN M A,SCHIEKOFER S,ISERMANN B, et al.
Peripheral blood mononuclear cells isolated from patients
with diabetic nephropathy show increased activation of the
oxidative-stress sensitive transcription factor NF-kappaB
[ J]. Diabetologia, 1999 ,42(2) :222-232.
SUN J,XU Y,DAI Z, et al. Intermittent high glucose stim-
ulates MCP-1, IL-18 , and PAI-1, but inhibits adiponectin
expression and secretion in adipocytes dependent of ROS
[J]. Cell Biochem Biophys,2009,55(3) :173-180.
SREAGI, B, e, BT BRI Sl A
RERTHI R RG] AR A0 L5 2% A
2015,17(3) :273-276.
SRAT, RS, FR A MW 5 355088 DR 1 s B BILIA
SAE M REMI R [T]. [ 52512 Wi, 2018,
22(12) :2057-2060.
WU N,SHEN H T,LIU H N, et al. Acute blood glucose
fluctuation enhances rat aorta endothelial cell apoptosis,
oxidative stress and pro-inflammatory cytokine expression
in vivo[ J ]. Cardiovasc Diabetol,2016,15(1) :109.
VRS, B8, BRI, 5. MW B S %88 B K B
VAR DS P TR R [T ] e o AR
7%,2012,28(4) :325-329.
NAM S M,LEE MY ,KOH J H, et al. Effects of NADPH ox-
idase inhibitor on diabetic nephropathy in OLETF rats: the
role of reducing oxidative stress in its protective property
[J]. Diabetes Res Clin Pract,2009,83(2) :176-182.
SUSZTAK K,RAFF A C,SCHIFFER M, et al. Glucose-in-
duced reactive oxygen species cause apoptosis of podo-
cytes and podocyte depletion at the onset of diabetic ne-
phropathy[ J]. Diabetes,2006,55(1) ;225-233.
SR, b, 3 2o ST OGS 18 S A 40 B
HRMCs ffR 4745 S AL [T ]. R HEEE 25,2017, 45
(7) .682-685.

(WicH F 191:2020-06-28 )



