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Abstract

Blood glucose variability, defined as variations in blood glucose levels over time, is increasingly recognized as a
significant factor in the pathology of diabetes complications. While chronic hyperglycemia has been linked to
microvascular complications (retinopathy, nephropathy, and neuropathy) and macrovascular complications (coronary
artery disease, stroke, and peripheral artery disease), emerging evidence suggests that glucose variability is an
independent risk factor for these conditions. This review examined the relationship between blood glucose variability
and the development of microvascular and macrovascular complications in diabetes, highlighting the underlying
mechanisms, clinical implications, and therapeutic approaches.
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5 Hyperglycemia
¢ Fasting plasma glucose
" Post prandial glucose
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! Hypoglycemia

2 Cardiovascular disease
% Glycated hemoglobin
4 Glucose variability
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% Self-monitoring of blood glucose
6 Continuous glucose monitoring
" Time in range
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! Standard deviation

2 Coefficient of variation
% Within day

4 Between day

ul/!r/j/&} Y



http://dx.doi.org/10.18502/ijdl.v25i6.20856
https://journals.tums.ac.ir/ijdld/article-1-6531-fa.html

Olylses g heune oY gSaal g5 S0 (15158 s ()95 038 Calilea g3 ol ) (o 52

[¥+] sl sLacasSl po (51 y3 (85 w38 2 glas (sl o lasbical (SLagadlis (s Saaldi—) Jgan

O L3 odd & yslis fL“J oll S cell YE s Q?Mbﬁwdﬂfcj\xl
o3 2V (Saean W 055 45 slajlne 5 HDALC L il mlane (o S0ls 1555 oo dslons O a3 Kl

s o SLI GV 35 5m 3 SVl s e cnl Ll

oo g 1y predS sen 5 aedS s laeggs e 3l G, Jsb s O A8 O s

ol yad Slac o (S5 S 2108 35 b o Wi e oS ol pastls pl S (GV) b &3 Sbilwg
LV81 5,8 513 sl sy ST 5 ol Oloys fpizman

Vo] 0t ki  SKle 350> 3 i (SD) Hlme 3 2l

IV el Csllas ¥ 51 28 CV Olsee OV = Glirs Gl /0550 L3 S0Le) X Vo e (CV) &l juis s 2

(SD) Hlrs Gl il S 31 45 el O g5t A5 plie - Sile ol . edl GV 3l onles il S _
Sl Gl S A3 palie pSle pl Ll GV ol S b a5 olg b Sl

LS GV oLl sl (oD s lukuh Ol sea 5 cal i aela YE 05 A3 Sl (MAGE)

DIVI sl ol slgiy 55, dsb s e
Sl 335 51 Sles deo s slame cpl el O A3 pgle (20l 53 eslinal ) g0 slre o Sl
s 53 8 ke VAT Ve Ve 15 513 Gt e e 3 lo 05 A3 mlaw oS
s oS e VE T e g ol Sl D3 53 () 3 dge ke Ve/e G YA)
Sl S TIR s I3l b COM (glapims 51 o3lizal .l (Gl sy J e o VIA-T/0)
S ke Ve G TIR Ohle 51 sl ol o35 ol jon O30 A3 231 o 55050 55

(TIR) o3 gdw 5 Ol

RSP APt SN T K T

A 53 p 8 oo Vo 51 a8 Slan O3 Al oS ol ) 51 ey dons Slme ol

S 48 el G 55 a0 g 3 0,8 (s 08 51 S L Gl 32 Jn e T74)

Gl O B e (gileang 6l Al Jlae K ppl g 1S Sl el

el 310> TBR 40,5 LYL TIR ds )3 CGM (gl Jle] Coia G [YA]

V<) il 53 08 e VAN Sl 055 b e oS il ) 5l Sles Ao s sl (]

ool Ko oS el () 03 I g s VWIAS) 2 s 03 0 8 o YOr< L (Gl 5o e e (TAR) "o gz YL 0L
IVA] ol O A3 g e (S3ldng Sl p ot slons e 358 (55058 G810
COM L5 ot (5 Seilil 055 3 o S0ks bl 2 1 o 58 HDALC s ls

5 Al T HPALC 45 Sley 4o 1) (93,5 Gldal 5 055 A3 Co pde 5 LS oo domilos GMI) S48y pie yasli

(TBR)* 03 gh>es ﬁ) ‘_)LAJ

HbAlc: Glycated hemoglobin, GV: Glucose variability, SD: Standard deviation, CV: Coefficient of variation,
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Time below range, TAR: Time above range, GMI: Glucose management indicator
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4 Glucose management indicator

[ DOI: 10.18502/ijdl.v25i6.20856 |

_\\‘o\‘db I Z/l.j RAYD)

L‘J'/'f/»%” Y
o\



http://dx.doi.org/10.18502/ijdl.v25i6.20856
https://journals.tums.ac.ir/ijdld/article-1-6531-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-02 ]

[ DOI: 10.18502/ijdl.v25i6.20856 |

_\\‘o\‘db I Z/l.j RAYD)

Ol lSad g Sune

dox 3l ool S dely il L CGM 1 eslizad bLs |
ool ol DU stas O3 A3 S5l 2alS 5 HDALC 5 5g
ooolse dax 3leeady gladely LCGM bbs I Gl 0]
Lit ol od DL 208 QY Sl ss Sbe 5 5V Sl s Koo
= COM 3 eslizal &5 Wsls oL [£7] (Y YE) O e
Lol olpon ul SLgds Ol L HDALC s 51 ey
Ll ol Sas wlie HDALC o U531 4yl @ x5
LCGM I eslizal L3l el axils 5 slite jlos 0520 A3
S 3 CEM LUly o el S S sd; Jlax| 2alS
Sl dhox 5l Glaw 055 A3 Wy, 553 slaasr
S Ll esls Ol andlas pdir 3L by e O Sodeels S
CCM | el l izl 2 s o S e VA=V TIR
Lol ediS o dses Jolse Law 51 s s HOALC 3l its
Cals Ohbey 3 Sl Sl 5 S8l st b S
o sin BLEl anllae G [YYCEVCEA] Sl 53 5 Sy
ozl Koo b Shssis 4l ot ol 5 TIR do s
AP LTIR o3 Ve 2alS oS jso iy S Al
Shoos b lsl g Sled, o iy bt gds s e
s dallae O Ls VY] s ol en (g suesdls S s
ot i e s S, b i jsba TIR
s Wakasugi [£V] 55 Lo e ol Osls Cos 31 5 lage
VAV TIR o byl &S L5 S sialise [EA] O, Ken
el Grie glaslne plo frmen 5 3w g S e
s2bs 5L, @i LTAR 5 MAGE SD > 5ICGM
RV @ufw\;@u@a_waAlc Sl oS 51 e
&3 ke Ll BU s pme Sl &8 L BLISI )t e
S5l ol 5 s Gl b had sl s s a8l nl sl
5 0Ll laansl b Jo 08 S e LT S
2 FapsS Dlls Sy 5o Jie Jelss Olsen O
S Slalllae [18] Wpde 35 s als sk
Loy B sba 0 A3 Oy« wlesls 0L
IR Ol U o B el 3 had b s e slagsolany
S ol (Son onlply [0 TVL O A3 (5 e s 8 S
St sl o s sl s sbaol e Ll
GV inlply S o o5 1y (658 ol 5 00 15 DLy
Loy pin ol Sloh el el Lol Jls

Y gSuul g 9520 B, 98 b (195 w38 Cibileugh bl yf (o 5

S5 OLLE [rEc Yol uS b jdd s, 4l sslas]
el Lo g5 Bies 45 S o sloml Sl 095 A3 )58l &
olis L}:.S:Jgﬁ‘.kq- zw‘fge_}% I¥1] J}J:L;o Jl}q“}é‘w\
Sl s Eol ol S LIS 05 A3 258l &S Wlesls
S s S0 gl glad she 5 Ses Ml 5 o gl @
S ol sl U‘LJ|J§ (Aot )( R IYA] :j‘:‘ \LQJ‘L‘"
A= 5l e g el 0 A8 e WbS bl g
35 &S 35d o JW sl ol 5 5 Sae JMatl 5 silas)
ol SUIYA Y] 5ol i cubs e Sulse
GV i gl ol sla,S5le 51 S Ol sy sl
Sladlas c[VQni']C,.w\ o Q;JJQ:)J g;.;\iJ Jﬁ)‘ﬁpf
@B ol [ ET] Wheals 0L | il s s
5 390 03ls Cd SISt ozl oS (gl eslanad 5 4
Gos e Slasls pl CasS gl g rin eyl Olidss
L3 23l st L YL GV oS Codl sl Cull piman ol
ol 8l s e ol S &S Sl a5 e 0
O A3 Sl &S glosily sla,Sile A3l Bs,e - 3
By B — sl e e e T b ) Ul
LaosH 0 e (ol el Gla S s 3Ll L
orl e sazma 53 [EY] Llods LT JLL sl 5 Sas Joles|
IJQ)},\;E@U‘;%UNJJ”LYL{GVASM;JQLL;@L:}
M5 lanST ol ol ol Blaze 5 das o )53l
538k I 5 S5 Sl (ol Gl S s
s ool S iy a3 5 3 s e JL sl

AS oSS

NSuly 9 S0 2198 5 05 A3 Sl g
055 A8 o Iy a8 alis SV S0l Kos Skas (2150
Shses s Sl (Sl Jold 35 e sl e se VL
O s LAl el O A3 Slleg alS [£8] ol
IS 5 edle oS Wby At Sldlas 5 b0 Lo,lse
i ooy sk s O bl rals 0y a8 Sl
S o Wl SV Sl 55 e o lee Ll S s S

! Apoptosis

L‘J'/'f/»%” Y

o0Vv



http://dx.doi.org/10.18502/ijdl.v25i6.20856
https://journals.tums.ac.ir/ijdld/article-1-6531-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-02 ]

[ DOI: 10.18502/ijdl.v25i6.20856 |

_\\‘o\‘db I Z/l.j RAYD)

Ol lSad g Sune

Cbr 4 O s LU by S ol u‘“ﬁff("“ axJlas
Jole S Olgean VW TIR doss gl (658 dalpd oo
Sl B o= b Glagslen 51 30 05 S po gl p ablons
e G S S s akaie S5 dadllas 55 [08] 5l
srbkie (g adllas j3 w8 [00] W esls 0L CIMT 5 TIR
ST Y Sl St (ol 352 5 45 [071] 01 Kas 5 Magri
s alis TIR L (g5l5 me (5 L] Lol gt 28 @Sl

..\pﬁ

Q‘f)g 45 J}(eb‘) QL;.; gf)j; wL:E.a DL L;‘)L CJL’JLL.A
J S 5 gdis I 3LCGM & glacy S L aslis ,5 CGM
HDALC o (0 g5 A3 0 SKlo (0 g2 13 Sl (S olis
Ol cepl by [OVEN T W TIR 5 05 3 il 5 A58
S Jals 4 0y Jsb 5o CGM 5l eslanul &S 55, o
Sl 33 4 amie QUL COM 5l i (50
Lol il placaadse 5o 0t A3 b &S el
.L\:bfliﬁh.)j) S e Q&a‘jc[-\\] b)"g;"u’:")‘ HGSU PR W
Sl ol e 85 L g Sl G 20050 51 (S Sl
$lp @b skl & el oy L CGM rL’o;\ S
Slr b o Al 35 2ile sl e Gt LS
5 Lisel Jale ol ks Gl CGM 31 es 28 eslizl
sladely ¢ el @l:.}ﬁméjjdmu,i)\jf 358 33y peS
6}3.@1 S fodl) s amen 5 Ol Oledas s el

Y] el

sl ol
wals g2 g,

a5l L Sl el a8 Wlesls Ol il Olallae
L sleeSt ol el 5 GV (s5l5m 5 eslie Ol s
LWEAL] das o SRalS 53 ¢80 als a0 D Oble 53
Q\;ldij));ilb'uaj}lMsdaowASJJl::ﬁ)dM\jJ
S V0] 0K 5 Schein L yls O w3 J xS 5 Sl
red 4 Amls 5 Lol pll dalas L slslls

Y gSuul g 9520 B, 98 b (195 w38 Cibileugh bl yf (o 5

MAGE) GV alal; [0)] (Y+)A) il Ken 5 Akaza
Obwlogy ol Do £0 5o 1) by Slgys 5 (s
ol 5 S g ol 4 e (15 eyl 550 ases
ot (Lo VA B TE s 6300 1030V 55,0 Y)Y 60
Jod s s 53 A8 (R COM L 0 A3 mhans s S
Aot b Jies sba MAGE iz dip st O S
om S s glaalllas 53 gy B e e SLsss 5L
Sy UTIR 6 0 jaste s plnil 2ls Jlew 6
sy bl s 3 TIR ws s 5 ol bag e SUsys  mbs
350 A S e BB sk 4 L e | i
Ogow S5 Jdos 5 o 0,8 518 15 o0 g S
o5 JE b « TIR 5onl dsss o sl 0l S
LoV] 3 Las o SUsys SLsos o RlBIL
OLKaa 5 Yapanis Ly oS d (’Ué oo adlas o
Sheddgrie glaslas o BLISI ey Sl a [OV] (V2YY)
DA s s e sy ol b ke 500 5 CGM
by (2l pled b DLl I (Sl aadllas glaail o3 S
4 LB ot TIR s 0 a3 Slleg s 0L |,

Syl e ae Slass s Shsss (Slud L Ll O

N Salgs Sl olse 5 Os5 A5 bl

B sl dex Sl abs VSl Sb o )lse
ol P sl 8 5 o 0L S ol (s
Az ol a4 Mae SE Ole s SIS 5 s S e
Gy HDALC Wil 055 A5 s slajlms I S b=
5 i35 Sl ks COM ool el sslisul s )
S35 B 5 03 St e 85 Aas e &l O A3
LS e 0Ll

slagben 3575 b 07 A3 Sl g g e dald G
S e B A8 S slen 5l AL s S e e - B
5 CIMT) "8 sbte Y Culies (o a4 e s
Loy B85l 5 BS50)8 S slailmial ozas
Sl 5 GV TIR 15l COM I e siia slalne .l
e SLaediS o Olsea slodul b b 055 A o
AL dalpd L s e el SV Sl S gl
S B ol §lp S b L TIR ds ) 055
52 [OY] il es S IS ame O 15 Solons 550 28BS

! Carotid intima-media thickness

L‘J'/'f/»%” Y

0\A



http://dx.doi.org/10.18502/ijdl.v25i6.20856
https://journals.tums.ac.ir/ijdld/article-1-6531-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-02 ]

[ DOI: 10.18502/ijdl.v25i6.20856 |

_H‘o\‘db I Z/l.j RAYD)

Ol lSad g Sune

3O S e ph e RS O A3 S Gl 65 lslae
VSl S 5 SV Salys Sbe 25l 5e 53 GV sla,ls 5L
a8 W)l Jae 5 dabdes I3l S5l 6 ool
e oba b lad e 2ol o e 6l O w4 Sl
Sl b bl el s o dalpd dir a A sl
Soolse LGV ale Aol 5o A3 &S ol akais
Sl Ses b mls NSl Sl 5 Y Sl S
S S gy by sly essan L ol w3t sl
b Sldlas ols sy O 5550 53 G3sdme SO
23 SIS sl L s s
Copde ol ln L 6pSlobea Slleis CGM

s e sl by ga¥sle 5 45 ,0a0 5 ke

@’\;.a oo
2w e ol 31l aslan oyl O iy 5 51 1S s

6 Bl

sl Gl ST w (g5l cduﬁ%u@@;pjmr@l

2 Dipeptidyl peptidase-4

Y gSuul g 9520 B, 98 b (195 w38 Cibileugh bl yf (o 5

ol 4 Wi Oley 53 LGV 5 05 A3 mhaw ¢ o3 IDLas
Lk 505 Sras Sy KIS e S s el s s
S 23S sdalie [V1] (Y1) 01 Kan 5 Paing d 1 .50
Sooedly aads ¥ L ol Y5k il s ) S slaadds
LI e oS Ao 35 | 0l GV wiids 10 a S
b Ohles 3 O A3 J3S a5 Gl S5 250
D503 A g edle S Gl sdis S S (rmmen AL
5o b 33 53 ooy en (ulis 4 M Ollay ;5 GV
3 Sl s s S S (l ol sdalis
IR TV ISR = S NI € VRS Pt
LW o5 g Salanls Sl gla oS st Lo 3
el e e s s sl 5l S S
L3 el gl Dhdean S oS M w5 A e bia
G e s Sl BB S8 Dbl s s 5 108 51 ey 0
53 S Ol edle 05 A3 Loy DI s 2l Ol
S osba [ACNA] 558 0 1S GV 5 0t w3 il S
Oyt A3 Sl A5 e ol Op A5 Latli b slalls
o mbs Ollen 53 T Sl eslizad 5 ASlu Bl o 1)
aS Wsls oL [Ve] (YY) 0l,Ka 5 Henry .ol suli
3GV Ll fals w536 ol 055 A3 e i | glalde

d g Ol eS| 5B

s g,
Lol o Cewd G HDALC 4 a5 05 3 salS slagyls
Cobs o pde Gl chias o JFalS 1) gt k3 Bl lst
L ool en CGM a5 ol ol onls OLL s < Sl
E) .LS& V.A\Jﬁ \) GV Cal:— &H)vaﬁ Ol cLﬁj)‘J
.Lisjfu';)\;fMMQJJ.MJJTKQJ\)CE)AQQW
GV &wsy 3 S8 sl L;ufjJLZT L Obys &
CE—A‘)DJSAS‘G“})) Q\J.:_:JGL:LCGM .19.«)5 ol d;e)‘.)u\
SmlSJiJaduj)l;j\ﬁsL}Si.[\/\]:ﬁ.b.;fojﬁ-.x;}
ol on (DPP4)" ¢ St bdae s slaodis jlge (O A3
Ol R lassld 4 s spe LIS sk
Sl & GV (S8 glaas) L 5 CGM wibe (5,08

! Degludec

ul/!ﬂ/[/} Y
014



http://dx.doi.org/10.18502/ijdl.v25i6.20856
https://journals.tums.ac.ir/ijdld/article-1-6531-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-02 ]

[ DOI: 10.18502/ijdl.v25i6.20856 |

_\\‘o\‘db (H/Ljd’aéw

Ol lSad g Sune

References

1. Papatheodorou K, Papanas N, Banach M,
Papazoglou D, Edmonds M. Complications of
Diabetes 2016. Journal of Diabetes Research.
2016; 2016(1):6989453.

2. Djupsj6é C, Kuhl J, Andersson T, Lundbéck M,
Holzmann MJ, Nystrom T. Admission glucose
as a prognostic marker for all-cause mortality
and cardiovascular disease.  Cardiovasc
Diabetol. 2022; 21(1):258.

3. YehJ-S, Sung S-H, Huang H-M, Yang H-L, You
L-K, Chuang S-Y, et al. Hypoglycemia and risk
of vascular events and mortality: a systematic
review and meta-analysis. Acta diabetologica.
2015; 53.

4. Chinese Cardiovascular Disease Prevention
Guidelines (2017) Writing group, Editorial
Board of Chinese Journal of Cardiovascular
Diseases. Chinese Guidelines for Prevention of
cardiovascular  diseases (2017). Chin J
Cardiovasc Dis. 2018; 46(1):10-25.

5. Lachin J, White N, Hainsworth D, Sun W,
Cleary P, Nathan D. Epidemiology of Diabetes
Interventions and Complications (EDIC)
Research Group Effect of intensive diabetes
therapy on the progression of diabetic
retinopathy in patients with type 1 diabetes: 18
years of follow-up in the DCCT/EDIC.
Diabetes. 2015; 64:631-42.

6. Group UPDS. Intensive blood-glucose control
with sulphonylureas or insulin compared with
conventional treatment and risk of complications
in patients with type 2 diabetes (UKPDS 33).
The lancet. 1998; 352(9131):837-53.

7. Care D. Medical care in diabetes 2020. Diabetes
Care. 2020; 43:S135.

8. Duckworth W, Abraira C, Moritz T, Reda D,
Emanuele N, Reaven PD, et al. Glucose control
and vascular complications in veterans with type
2 diabetes. New England journal of medicine.
2009; 360(2):129-39.

9. Boussageon R, Bejan-Angoulvant T, Saadatian-
Elahi M, Lafont S, Bergeonneau C, Kassai B, et
al. Effect of intensive glucose lowering
treatment on all cause mortality ,cardiovascular
death, and microvascular events in type 2
diabetes:  meta-analysis of  randomised
controlled trials. Bmj. 2011; 343.

10.Welsh KJ, Kirkman MS, Sacks DB. Role of
glycated proteins in the diagnosis and
management of diabetes: research gaps and
future directions. Diabetes care. 2016;
39(8):1299.

11.Maajani K, Nasli-Esfahani E, Fahimfar N,
Sheidaei A, Mansournia MA, Yazdani K. Long-
term glycemic variability and the risk of
cardiovascular diseases in type 2 diabetic
patients: Effect of hypothetical interventions
using parametric g-formula in a population-
based historical cohort study. PLOS ONE. 2025;
20(5):e0319975.

oY gSanh 9 S0 05515 b (93 38 Sibun g3 ol ) o

12.Sato M, Inaishi J, Saisho Y, Sato Y, Komuro I,
Itoh H. Association of visit-to-visit glycemic
variability with risk of cardiovascular diseases in
high-risk Japanese patients with type 2 diabetes:
A subanalysis of the EMPATHY trial. Journal
of Diabetes Investigation. 2021; 12(12):2190-6.

13.Ceriello A, Monnier L, Owens D. Glycaemic
variability in diabetes: clinical and therapeutic
implications. The Lancet Diabetes &
Endocrinology. 2019; 7(3):221-30.

14.Huang L, Pan Y, Zhou K, Liu H, Zhong S.
Correlation between glycemic variability and
diabetic complications: a narrative review.
International Journal of General Medicine.
2023: 3083-94.

15.Rawshani A, Rawshani A, Franzén S, Eliasson
B, Svensson A-M, Miftaraj M, et al. Mortality
and Cardiovascular Disease in Type 1 and Type
2 Diabetes. New England Journal of Medicine.
2017; 376(15):1407-18.

16.Agiostratidou G, Anhalt H, Ball D, Blonde L,
Gourgari E, Harriman KN, et al. Standardizing
Clinically Meaningful Outcome Measures
Beyond HbA(1c) for Type 1 Diabetes: A
Consensus Report of the American Association
of Clinical Endocrinologists, the American
Association of Diabetes Educators, the
American Diabetes Association, the Endocrine
Society, JDRF International, The Leona M. and
Harry B. Helmsley Charitable Trust, the
Pediatric Endocrine Society, and the T1D
Exchange. Diabetes Care. 2017; 40(12):1622-
30.

17.Lachin JM, Bebu I, Bergenstal RM, Pop-Busui
R, Service FJ, Zinman B, et al. Association of
glycemic variability in type 1 diabetes with
progression of microvascular outcomes in the
diabetes control and complications trial.
Diabetes care. 2017; 40(6):777-83.

18.Danne T, Nimri R, Battelino T ,Bergenstal RM,
Close KL, DeVries JH, et al. International
consensus on use of continuous glucose
monitoring. Diabetes care. 2017; 40(12):1631-
40.

19.Borot S, Benhamou P, Atlan C, Bismuth E,
Bonnemaison E, Catargi B, et al. Practical
implementation, education and interpretation
guidelines for continuous glucose monitoring: a
French position statement. Diabetes &
metabolism. 2018; 44(1):61-72.

20.Battelino T, Danne T, Bergenstal RM, Amiel
SA, Beck R, Biester T, et al. Clinical targets for
continuous glucose monitoring data
interpretation: recommendations from the
international consensus on time in range.
Diabetes care. 2019; 42(8):1593-603.

21.Battelino T, Danne T, Bergenstal RM, Amiel
SA, Beck R, Biester T, et al. Clinical Targets for
Continuous  Glucose  Monitoring  Data
Interpretation: Recommendations From the

! / Wose ok
oY+



http://dx.doi.org/10.18502/ijdl.v25i6.20856
https://journals.tums.ac.ir/ijdld/article-1-6531-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-02 ]

[ DOI: 10.18502/ijdl.v25i6.20856 |

_\\‘o\‘db (H/Ljd’aéw

Ol lSad g Sune

International Consensus on Time in Range.
Diabetes Care. 2019; 42(8):1593-603.

22.Yau JW, Rogers SL, Kawasaki R, Lamoureux
EL, Kowalski JW, Bek T, et al. Global
prevalence and major risk factors of diabetic
retinopathy. Diabetes care. 2012;35(3):556-64.

23.Beck RW, Bergenstal RM, Riddlesworth TD,
Kollman C, Li Z, Brown AS, Close KL.
Validation of time in range as an outcome
measure for diabetes clinical trials. Diabetes
care. 2019; 42(3):400-5.

24.Chehregosha H, Khamseh ME, Malek M,
Hosseinpanah F, Ismail-Beigi F. A View
Beyond HbAlc: Role of Continuous Glucose
Monitoring. Diabetes Ther. 2019;10(3):853-63.

25.Kovatchev BP. Metrics for glycaemic control—
from HbA1c to continuous glucose monitoring.
Nature  Reviews  Endocrinology. 2017,
13(7):425-36.

26.Monnier L, Colette C, Wojtusciszyn A, Dejager
S, Renard E, Molinari N, Owens DR. Toward
defining the threshold between low and high
glucose variability in diabetes. Diabetes care.
2017; 40(7):832-8.

27.Zhou Z, Sun B, Huang S, Zhu C, Bian M.
Glycemic variability: adverse clinical outcomes
and how to improve it? Cardiovascular
Diabetology. 2020; 19(1):102.

28.Galindo RJ, Aleppo G. Continuous glucose
monitoring: The achievement of 100 years of
innovation in diabetes technology. Diabetes Res
Clin Pract. 2020; 170:108502.

29.Bergenstal RM, Beck RW, Close KL,
Grunberger G, Sacks DB, Kowalski A, et al.
Glucose Management Indicator (GMI): A New
Term for Estimating A1C From Continuous
Glucose Monitoring. Diabetes Care. 2018;
41(11):2275-80.

30.Rama Chandran S, Tay WL, Lye WK, Lim LL,
Ratnasingam J, Tan ATB, SL Gardner D.
Beyond HbAlc: comparing glycemic variability
and glycemic indices in  predicting
hypoglycemia in type 1 and type 2 diabetes.
Diabetes technology & therapeutics. 2018;
20(5):353-62.

31.Gomez AM, Henao DC, Imitola Madero A,
Taboada LB, Cruz V, Robledo Gomez MA, et al.
Defining high glycemic variability in type 1
diabetes: comparison of multiple indexes to
identify patients at risk of hypoglycemia.
Diabetes technology & therapeutics. 2019;
21(8):430-9.

32.Valente T, Arbex AK. Glycemic variability,
oxidative stress, and impact on complications
related to type 2 diabetes mellitus. Current
Diabetes Reviews. 2021; 17(7):1-11.

33.Papachristoforou E, Lambadiari V, Maratou E,
Makrilakis K. Association of glycemic indices
(hyperglycemia, glucose variability, and
hypoglycemia) with oxidative stress and diabetic

oY gSanh 9 S0 05515 b (93 38 Sibun g3 ol ) o

complications. Journal of diabetes research.
2020; 2020(1):7489795.

34.Hu YM, Zhao LH, Zhang XL, Cai HL, Huang
HY, Xu F, et al. Association of glycaemic
variability evaluated by continuous glucose
monitoring with diabetic peripheral neuropathy
in type 2 diabetic patients. Endocrine. 2018;
60(2):292-300.

35.Monnier L, Mas E, Ginet C, Michel F, Villon L,
Cristol JP, Colette C. Activation of oxidative
stress by acute glucose fluctuations compared
with sustained chronic hyperglycemia in patients
with type 2 diabetes. Jama. 2006; 295(14):1681-
7.

36.Ceriello A, Esposito K, Piconi L, Ihnat MA,
Thorpe JE, Testa R, et al. Oscillating glucose is
more deleterious to endothelial function and
oxidative stress than mean glucose in normal and
type 2 diabetic patients. Diabetes. 2008;
57(5):1349-54.

37.Keating ST, EI-Osta A. Glycemic memories and
the  epigenetic component of diabetic
nephropathy. Current diabetes reports. 2013;
13(4):574-81.

38.Del Guerra S, Grupillo M, Masini M, Lupi R,
Bugliani M, Torri S, et al. Gliclazide protects
human islet beta-cells from apoptosis induced by
intermittent high glucose. Diabetes/metabolism
research and reviews. 2007;23(3):234-8.

39.Monnier L, Mas E, Ginet C, Michel F, Villon L,
Cristol J-P, Colette C. Activation of oxidative
stress by acute glucose fluctuations compared
with sustained chronic hyperglycemia in patients
with type Y diabetes. Jama. 2006;295(14):1681-
7

40.Saisho Y. Glycemic variability and oxidative
stress: a link between diabetes and
cardiovascular disease? International journal of
molecular sciences. 2014;15(10):18381-406.

41.Siegelaar SE, Barwari T, Kulik W, Hoekstra JB,
DeVries JH. No relevant relationship between
glucose variability and oxidative stress in well-
regulated type 2 diabetes patients. Journal of
diabetes science and technology. 2011;5(1):86-
92.

42 Wentholt I, Kulik W, Michels R, Hoekstra JL,
DeVries J. Glucose fluctuations and activation of
oxidative stress in patients with type 1 diabetes.
Diabetologia. 2008;51(1):183-90.

43.Ratter JM, Rooijackers HM, Tack CJ, Hijmans
AG, Netea MG, De Galan BE, Stienstra R.
Proinflammatory effects of hypoglycemia in
humans with or without diabetes. Diabetes.
2017;66(4):1052-61.

44.Papatheodorou K, Papanas N, Banach M,
Papazoglou D, Edmonds M. Complications of
Diabetes 2016. J Diabetes Res.
2016;2016:6989453.

45.Gavin JR, Bailey CJ. Real-world studies support
use of continuous glucose monitoring in type 1
and type 2 diabetes independently of treatment

! / Wose ok
oY)



http://dx.doi.org/10.18502/ijdl.v25i6.20856
https://journals.tums.ac.ir/ijdld/article-1-6531-fa.html

[ Downloaded from journals.tums.ac.ir on 2026-04-02 ]

[ DOI: 10.18502/ijdl.v25i6.20856 |

_\\‘o\‘db (H/Ljd’aéw

Ol lSad g Sune

regimen. Diabetes Technology & Therapeutics.
2021;23(S3):5-19-S-27.

46.Liu TA, Shpigel J, Khan F, Smith K, Prichett L,
Channa R, et al. Use of diabetes technologies
and retinopathy in adults with type 1 diabetes.
JAMA Network Open. 2024;7(3):e240728-¢.

47.Lu J, Ma X, Zhou J, Zhang L, Mo Y, Ying L, et
al. Association of time in range, as assessed by
continuous glucose monitoring, with diabetic
retinopathy in type 2 diabetes. Diabetes care.
2018;41(11):2370-6.

48.Wakasugi S, Mita T, Katakami N, Okada Y,
Yoshii H, Osonoi T, et al. Associations between
continuous glucose monitoring-derived metrics
and diabetic retinopathy and albuminuria in
patients with type 2 diabetes. BMJ Open
Diabetes Research & Care. 2021;9(1):e001923.

49.Shimizu M, Furuichi K, Toyama T, Funamoto T,
Kitajima S, Hara A, et al. Association of renal
arteriosclerosis and hypertension with renal and
cardiovascular outcomes in Japanese type 2
diabetes patients with diabetic nephropathy.
Journal of diabetes investigation. 2019;
10(4):1041-9.

50.Torimoto K, Okada Y, Mori H, Tanaka Y.
Relationship between fluctuations in glucose
levels measured by continuous glucose
monitoring and vascular endothelial dysfunction
in type 2 diabetes mellitus. Cardiovascular
diabetology. 2013; 12(1):1.

51.Akaza M, Akaza I, Kanouchi T, Sasano T, Sumi
Y, Yokota T. Nerve conduction study of the
association between glycemic variability and
diabetes neuropathy. Diabetol Metab Syndr.
2018; 10:69.

52.Yang J, Yang X, Zhao D, Wang X, Wei W, Yuan
H. Association of time in range, as assessed by
continuous glucose monitoring, with painful
diabetic polyneuropathy. J Diabetes Investig.
2021; 12(5):828-36.

53.Yapanis M, James S, Craig ME, O'Neal D,
Ekinci El. Complications of Diabetes and
Metrics of Glycemic Management Derived From
Continuous Glucose Monitoring. J Clin
Endocrinol Metab. 2022; 107(6):e2221-e36.

54.Lu J, Wang C, Shen Y, Chen L, Zhang L, Cai J,
etal. Time in Range in Relation to All-Cause and
Cardiovascular Mortality in Patients With Type
2 Diabetes: A Prospective Cohort Study.
Diabetes Care. 2020; 44(2):549-55.

55.Lu J, Ma X, Shen Y, Wu Q, Wang R, Zhang L,
et al. Time in Range Is Associated with Carotid
Intima-Media Thickness in Type 2 Diabetes.
Diabetes Technol Ther. 2020; 22(2):72-8.

56.Magri CJ, Mintoff D, Camilleri L, Xuereb RG,
Galea J, Fava S. Relationship  of
Hyperglycaemia, Hypoglycaemia, and Glucose
Variability to Atherosclerotic Disease in Type 2
Diabetes. J Diabetes Res. 2018; 2018:7464320.

57.Foster NC, Miller K, Dimeglio L, Maahs DM,
Tamborlane WV, Bergenstal RM, et al. Marked

oY gSanh 9 S0 05515 b (93 38 Sibun g3 ol ) o

increases in CGM use has not prevented
increases in HbAlc levels in participants in the
T1D Exchange (T1DX) Clinic Network.
Diabetes. 2018; 67(Supplement_1):1689-P.

58.Ajjan R, Slattery D, Wright E. Continuous
glucose monitoring: a brief review for primary
care practitioners. Advances in therapy. 2019;
36(3):579-96.

59.Rodbard D. Continuous glucose monitoring: a
review of recent studies demonstrating improved
glycemic outcomes. Diabetes technology &
therapeutics. 2017; 19(S3):S-25-S-37.

60.Avari P, Moscardo V, Jugnee N, Oliver N,
Reddy M. Glycemic variability and
hypoglycemic excursions with continuous
glucose monitoring compared to intermittently
scanned continuous glucose monitoring in adults
with highest risk type 1 diabetes. Journal of
diabetes science and technology. 2020;
14(3):567-74.

61.Amiel S, Dixon T, Mann R, Jameson K.
Hypoglycaemia in type 2 diabetes. Diabetic
medicine. 2008; 25(3):245-54.

62.Pease AJ, Andrikopoulos S, Abraham MB, Craig
ME, Fenton B, Overland J, et al. Utilisation,
access and recommendations  regarding
technologies for people living with type 1
diabetes:  consensus  statement of the
ADS/ADEA/APEG/ADIPS Working Group.
Medical Journal of Australia. 2021,
215(10):473-8.

63.Figueira FR, Umpierre D, Casali KR, Tetelbom
PS, Henn NT, Ribeiro JP, Schaan BD. Aerobic
and combined exercise sessions reduce glucose
variability in type 2 diabetes: crossover
randomized trial. PLoS One. 2013; 8(3):e57733.

64.Farabi SS, Carley DW, Smith D, Quinn L.
Impact of exercise on diurnal and nocturnal
markers of glycaemic variability and oxidative
stress in obese individuals with type 2 diabetes
or impaired glucose tolerance. Diab Vasc Dis
Res. 2015; 12(5):381-5.

65.Schein A, Correa A, Casali KR, Schaan BD. Are
glucose levels, glucose variability and
autonomic control influenced by inspiratory
muscle exercise in patients with type 2 diabetes?
Study protocol for a randomized controlled trial.
Trials. 2016; 17:38.

66.Paing AC, McMillan KA, Kirk AF, Collier A,
Hewitt A, Chastin SFM. Dose-response between
frequency of interruption of sedentary time and
fasting glucose, the dawn phenomenon and
night-time glucose in Type 2 diabetes. Diabet
Med. 2019; 36(3):376-82.

67.Figueira FR, Umpierre D, Bock PM,
Waclawovsky G, Guerra AP, Donelli A, et al.
Effect of exercise on glucose variability in
healthy subjects: randomized crossover trial.
Biol Sport. 2019; 36(2):141-8.

68.Ranjan A, Schmidt S, Damm-Frydenberg C,
Holst JJ, Madsbad S, Ngrgaard K. Short-term

! / Wose ok
oYY



http://dx.doi.org/10.18502/ijdl.v25i6.20856
https://journals.tums.ac.ir/ijdld/article-1-6531-fa.html

Olylses g heune oY gSaal g5 S0 (15158 s ()95 038 Calilea g3 ol ) (o 52

effects of a low carbohydrate diet on glycaemic
variables and cardiovascular risk markers in
patients with type 1 diabetes: A randomized
open-label crossover trial. Diabetes Obes Metab.
2017; 19(10):1479-84.

69.Ahola AJ, Forsblom C, Harjutsalo V, Groop PH.
Dietary carbohydrate intake and cardio-
metabolic risk factors in type 1 diabetes.
Diabetes Res Clin Pract. 2019; 155:107818.

70.Henry CJ, Kaur B, Quek RYC, Camps SG. A
Low Glycaemic Index Diet Incorporating
Isomaltulose Is Associated with Lower
Glycaemic Response and Variability, and
Promotes Fat Oxidation in Asians. Nutrients.
2017; 9(5).

71.lga R, Uchino H, Kanazawa K, Usui S, Miyagi
M, Kumashiro N, et al. Glycemic Variability in
Type 1 Diabetes Compared with Degludec and
Glargine on the Morning Injection: An Open-
label Randomized Controlled Trial. Diabetes
Ther. 2017; 8(4):783-92.

72.Park SE, Lee BW, Kim JH, Lee WJ, Cho JH,
Jung CH, et al. Effect of gemigliptin on
glycaemic variability in patients with type 2
diabetes (STABLE study). Diabetes Obes
Metab. 2017; 19(6):892-6.

73.Kim NH, Kim DL, Kim KJ, Kim NH, Choi KM,
Baik SH, Kim SG. Effects of Vildagliptin or
Pioglitazone on Glycemic Variability and
Oxidative Stress in Patients with Type 2
Diabetes  Inadequately  Controlled  with
Metformin ~ Monotherapy: A 16-Week,
Randomised, Open Label, Pilot Study.
Endocrinol Metab (Seoul). 2017; 32(2):241-7.

[ Downloaded from journals.tums.ac.ir on 2026-04-02 ]

[ DOI: 10.18502/ijdl.v25i6.20856 |

_h‘o\‘db I E/Lj RAYD)

ul/!ﬂ/[f} Y
oyYy



http://dx.doi.org/10.18502/ijdl.v25i6.20856
https://journals.tums.ac.ir/ijdld/article-1-6531-fa.html
http://www.tcpdf.org

