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I DF Dia betes Atlas [;‘,E,‘;,’,‘,‘fl"“" 7 YEARS Findings from these studies indicate that, compared Q\(b‘

Federation \) to those without diabetes, people with T2D face: O\O
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of developing any foZm®

of CVD of stroke

Meta-analysis of the incidence risk of atherosclerotic

cardiovascular disease, stroke, myocardial infarction, and
heart failure in people with type 2 diabetes versus those i @) i of heart failure
without diabetes.
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Il controllo glicemico precoce riduce il rischio di zomplicanze
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Hypothetical representation of the natural history of énts with diabetes who were recruited in the VADT.™ The upper blue line represents the time course of HbA1c estimated based on
the average glucose profile described in the UKPRS. The'green line represents the time course of HbA1c in the VADT. The lower gray line represents the ideal time course of glycemic control.
CVD, cardiovascular disease; HbAlc, glycated oglobin; UKPDS, United Kingdom Prospective Diabetes Study; VADT, Veterans Affairs Diabetes Trial.

a. Okemah J, et al. Adv Ther. 2013;35:1?3@’@ ; b. Del Prato S. Diabetologia. 2009;52:1219-1226.




UKPDS: Un controllo glicemico intensivo precoce°?|duce il rischio
a lungo termine di complicanze croniche neI qh”abete di tipo 2

Estrapolazione epidemiologica che mostra il beneficio di una rlduzuone dell'1% dell'HbA1c
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ap=.035; °p<.0001.
Stratton IM et al. BMJ. 2000;321(7258):405-412.




Greatest HbA1lc reduction: lowest HR of MACE in CVO@TS

=
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< If all CVOTs had

*CVOTs with DPP-4 inhibitors: SAVOR-TIMI 53 (saxa

INE (alogliptin), TECOS (sitagliptin), CARMELINA (linagliptin); SGLT-2 inhibitors:

EMPA-REG OUTCOME (empaglifiozin), CANVAS
SUSTAIN-6 (subcutaneous semagiutide), EXS

aglifiozin), DECLARE (dapaglifiozin); GLP-1 RAs: ELIXA (lixisenatide), LEADER (liraglutide),
(once-weekly exenatide), HARMONY OUTCOMES (albiglutide).

CVOT, cardiovascular outcomes trial; Hb@%lycat@d haemoglobin; MACE, major adverse cardiovascular event.

reduced HbA1c by
0.9%, MACE reduction
would have been 23%



Quale target glicemico perseguire?

Diabetes Care December 2024, Vol.48, S128-5145

Table 6.3—Summary of glycemic goals for many no w

diabetes

t adults with

Al1C

@
Peak postprandial capillary plasma glucose# 50 \\e

%o 6\\97 0% (<53 mmol/mol)*+
>
Preprandial capillary plasma glucose ,g\'b >  80-130 mg/dL* (4.4-7.2 mmol/L)

<180 mg/dL* (<10.0 mmol/L)

Good health and Older adults Older adults with

function, low Q@ with complexf  very complex/
treatment risks Q intermediate poar health
n n: health
and burdens ealt Any adults
with limited life
expectancy

| B
i

<7.5% <8.0% Mo A1C goal
Madifying Factors

Favor less stringent goal
| Long diabetes duration

Sw hypoglycemia risk | High hypoglycemia risk
Low treatment risks and burdens | High treatment risks and burdens

Pharmacotherapy with cardiovascular, kidney, weight, | Pharmacotherapy without nonglycemic benefits
or other benefits
Mo cardiovascular complications Established cardiovascular complications

Few or minor comaorbidities Severe, life-limiting comarbidities
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Recommendation Table 7 — Recommendations for

glycaemic targets in patients with diabetes

Recommendations

It is recommended to apply tight glycaemic control
(HbA1c <7%) to reduce microvascular

e 136128133
complications. &

particularly in patients with CyD_ 134137147
It is recommended to individualize HbA1c targets

according to comorbidities, diabetes duration, and

ESC GUIDELINES

European Saciety ttpsi/doi.org/10.1093/curheartjlehad192
of Cardiology

@ ESC European Heart Journal (2023) 44, 4043-4140 q\(b
O\O

o9
2023 ESC Guideling@\?gr the management of

cardiovascular digea;s€in patients with diabetes
NS

@6

It is recommended to avoid hypoglycaemia,

life expectancy.'“"m

Tight glycaemic control should be considered for
reducing CAD in the long term, preferably using
agents with proven CV benefit='**~'3

© ESC 2023

o ®

Short life expectancy

Longer life expectancy

Relax glycaemic targets
HbAlc <69 mmol/mol (<8.5%)?

Give priority to agents with
* Proven CV benefit®
) il
* Low hypoglycaemic risk

Risk assessment for patients with type 2 diabetes based on the presence of
ASCVD/severe TOD and |0-year CVD risk estimation via SCORE2-Diabetes

\

Figure 4 Simple guide to glycaemic targets in patients with type 2 diabe\ cardiovascular disease. CV, cardiovascular; GLP-1 RA, glucagon-like
peptide-1 receptor agonist; HbAlc, glycated haemoglobin, s.c, subcutal NSGLT2, sodium—glucose co-transporter-2. *Adjust target in the presence
of hyperglycaemic symptoms (polyuria and palydipsia). PHypoglycaemia is us04lly a concern only in those on a sulphonylurea and/or insulin. SGLT?2 inhibitors
(empagliflozin, canagliflozin, dapagliflozin, sotagliflozin) or GLP-1 RAs (liraglutide, semaglutide s.c,, dulaglutide, efpeglenatide).

@ESC—

European Heart Journal (2023) 44, 4043—4140 https://doi.org/10.1093/eurheartj/ehad192
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DCCT/EDIC?.10

UKPDS311.12

ACCORD*

ADVANCE3.14

Population

Patients with
T1D aged
13-39years
(N=1441)

Patients

with newly
diagnosed T2D
(N=4209)

Patients
with T2D and
established
CVD [35%) or
high CV risk
(N=10,251)

Patients

with T2D and
microvascular
or

complicatio \
or=1 rlsk %
factors

(N= @@Q}

macrovascula;‘\A@

Design

Conventional
treatment with 1-2
daily insulin injections
versus intensive
treatment with =3
daily injections or
insulin pump

Mean follow up of
6.5years

Intensive treatment
(metformin and
SU/insulin] versus
conventional therapy
(primarily diet)
Median follow up of
10years

Intensive glycaemic
control (HbA, <6.0%])
versus standard
therapy (HbA,_
7.0-7.9%)]

All glucose-lowering
therapies allowed.
Discontinued after

a mean follow up

3.5years 6(0
& @

\“ @
Inten@tr ent
“$ &, versus
dar, eatment.
E@ﬁouow up of

Hypoglycaemia

Threefold
increase

in severe
hypoglycaemia
in the intensive
treatment group
(p=<0.001)

Two-fold increase
in severe
hypoglycaemia

in the intensive
treatment group
(p<0.0001)

Percenta@g \@ MACE

of pati
expe i \
ée‘ O

de c@evere

\ﬁﬂogL emia
16 SU.
p<[] 001),

ectlvely

Significant
increase

in severe
hypoglycaemia
in the intensive
treatment group
HR 1.86
(p<0.001)

CVD

No difference after the
initial 6.5years of follow-
up.

57% reduction in in MACE
(p=0.02) after median
follow up of 17years

No difference after the
initial 10-years of follow

up .@

\e formin group
=0.01)

% 13% [p=0.007)

Significant reductions
in both SU/insulin an
metformin group afte
10years of post-t

foLLow up (b
SU/lnsull @f%
(p=0.01] Ib
Metfor R 6?

]b\
QE% @ RR 0.91

e@rzmm RR 0.80

Nonfatal MI
HR 0.76 (p=0.004)
Nonfatal stroke
HR 1.06 [p=0.74)

MACE

HR 0.94 (p=0.37)

CV mortality

HR 0.88 (p=NS])
Nonfatal M

HR 1.02 [p=NS)
Nonfatal stroke

HR 0.98 [p=NS)

No effect observed after
5.4years of post-trial
follow up

All-cause
mortality

MNo difference
between groups

and 17%
(p=0.002]
reduction after
10years of post-
trial follow up

HR 1.22 (p=0.04)

All-cause
mortality
normalized after a
mean of 7.7years
of follow up

HR 1.01 [p=0.91)

HR 0.93 (p=0.28)
No effect
observed after
5.4years of post-
trial follow up
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Figure 2: Pathophysiological cardiovascular consequences of hypoglycaemia



2
N . i :
’.\& Misurazione tipica dell’intervallo QT che mostra

2 un’onda T ben definita durante l'euglicemia (a
sinistra), e durante ipoglicemia (destra), che
evidenzia una ripolarizzazione prolungata e
un’‘onda U prominente. Riprodotto da Marques
et al.70, con autorizzazione di John Wiley &
Sons. HR = frequenza cardiaca. QTc = QT
corretto.

D N
‘b& 2 QTc 610 ms
HR 66 bpm >\ 2 HR 61 bpm

QTc 456 ms

5.0 mM & {\0 2.5 mM
o)
Figure 4: Abnormal cardiac repolarisation durm@perlmental hypoglycaemia
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Il graficy mostra le concentrazioni di glucosio

ragistiate da un sistema CGM nella sera precedente e
nevia mattina del decesso di un paziente. Le
zalibrazioni misurate e inserite dal paziente sono
rappresentate dai quattro cerchi. Lorario dei pasti,
dell’attivita fisica e dei boli correttivi di insulina e
indicato dalle barre nella parte inferiore del grafico.
Riprodotto da Tanenberg et al., con autorizzazione
dell’American Association of Clinical Endocrinologists.

Lancet Diabetes Endocrinol 2019; 7: 385-96
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Natalie Daya,? Alexandra K. Lee,®

Structure and Function, and Risk % e e vamde

B. Gwen Windham,® Amil M. Shah,® and

: Elizabeth Selvin® !
of Cardiovascular Events Among &
. . 0 B
Older Adults With Diabetes S
Diabetes Care 2021;44:248-254 | https://doi.org/10.2337/dc20-0552 \\‘b (b.
20 2
. \\Q)
Table 2—Adjusted measures of association for severe hypoglycemia with indices of cardiac structure and function: Al sn
5 adults with diagnosed diabetes (2011-2013) 0@ %0
B-Coefficient or odds ratio (95% Cl) (%4} &
Indices of cardiac structure and function Model 1 Model 2 ,((D)odgk@
N
LV structure measures \ \
LVEDD, cm 0.17 (0.04, 0.30) 0.15 (0.02, 0.29) O IQQO 03, 0.24)
Interventricular septum, cm 0.04 (—0.01, 0.08) 0.03 (—0.02, 0.07) %Q [1Xs) (—0.03, 0.06)
Mean wall thickness, cm 0.04 (—0.01, 0.08) 0.02 (—0.01, 0.06) .01 (—0.03, 0.05)
LV mass, g 21.03 (9.22, 32.84) 17.65 (5.63, 29.6 Q/ ®10 94 (—1.19, 23.08)
Relative wall thickness 0.00 (—0.02, 0.02) —0.00 (—0.03, —0.01 (—0.03, 0.02)
LVH* 0.99 (0.40, 2.47) 0.79 (0. 31 0.73 (0.28, 1.91)
Ventricular systolic function
LVEF, % —3.66 (—5.54, —1.78) —3 31 (/(sg\ — —2.93 (—4.86, —1.01)
LVEDV, mL 14.80 (8.77, 20.84) 11.75 (5.49, 18.01)
LVESV, mL 12.02 (8.10, 15.93) 6.7 <14 76) 9.79 (5.76, 13.83)
GLS, % 0.85 (0.13, 1.57) 6 77 0%4 1.50) 0.63 (—0.11, 1.36)
RVFAC —0.03 (—0.05, —0.01) 17:3 0.05, —0.01) —0.03 (—0.05, —0.01) .
PASP, mmHg 1.72 (—0.68, 4.12) \ {@ (—1.44, 3.46) —0.03 (—2.54, 2.47)
LV diastolic function measures (b,
LA volume, mL 5.61 (0.69, 10. 53) 4.83 (—0.18, 9.85) 2.98 (—2.08, 8.05)
E wave, cm/s 2.83 (—2.441, 8. § 0.74 (—4.58, 6.06) —0.85 (—6.30, 4.60)
E-to-A ratio 0.11 (0.03, 0.10 (0.03, 0.18) 0.07 (—0.01, 0.15)
e’ septal, cm/s —039 (—Q; —0.30 (—0.68, 0.09) —0.28 (—0.68, 0.12)
E/e’ septal 2.48 3. 32) 1.82 (0.46, 3.18) 1.37 (—0.01, 2.75)
Model 1, adjustment for age, sex, and race/center; model 2 stment forvariablesin model 1 + diabetes duration; model 3, adjustment for variables
in model 2 + prevalent CVD and hs-cTnT (categorized h percentile and below). PASP, pulmonary artery systolic pressure. *Estimates are odds

ratios for the presence vs. absence of LVH as the raference group (null value = 1).
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ARTICLE

A higher non-severe hypoglycaemia rate is associated with an
increased risk of subsequent severe hypoglycaemia and major
adverse cardiovascular events in individuals with type 2 diabetes
in the LEADER study

Simon R. Heller' @ - Milan S. Geybels? - Ahmed Igbal’ ® -« Lei Liu?® - Lily Wagner? « Elaine Chow '
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Overall
death

Severe
hypoglycaemic
episodes

NS
%@?te un’associazione tra gli episodi
@hoogllcemlu non severi (NSHEs: 2-11

all’lanno e 212 all’anno) e gli episodi
ipoglicemici severi (HR non aggiustati
1,98 [IC95% 1,43-2,75] e 5,01 [IC 95%
2,84-8,84], rispettivamente),
associazione che rimaneva significativa
anche dopo I'aggiustamento per le
caratteristiche basali. Inoltre, mentre
non é stata rilevata alcuna associazione
tra 2—11 NSHEs/anno e outcome
cardiovascolari avversi, un numero piu
elevato di NSHEs (=12/anno) e risultato
associato a un maggior rischio di MACE
(HR 1,50 [IC 95% 1,01-2,23]), morte
cardiovascolare (HR 2,08 [IC95% 1,17—
3,70]) e mortalita totale (HR 1,80 [IC
95% 1,11-2,92]).



Impaired
myeocardial
reperfusion

Plague
rupture

CLINICAL EFFECTS ACUTE MYOCARDIALIN

m Increased sieric
. adrenaline level Q_

Increased CO
and
= nz demand

Pro-thrombotic effect

o

Cardiovascular Diabetology volume 24, Article number: 309 (2025)

1 Stress ossidativo

1 Citochine inflammatorie
Disfunzione endoteliale
Alterazioni autonomiche
Vie pro-trombotiche

— danno miocardico,
instabilita di placca,
compromissione omeostasi
vascolare — 1 rischio
cardiovascolare


https://cardiab.biomedcentral.com/

Cardiovasc Diabetol 20, 9 (2021). https://doi.org/10.1186/s12933-020-01200-7

[ Hyperglycemia ] O\Gg\x Hypoglycemia ]

2 &
{2

BRI

\
stress changes c}‘tgblﬁes;;o\Q

<127
4 QF i
&‘2{? $° U

X
R\“
O“|@&ndothelial dysfunction and damage

Platelet Inflammatory
activation cytokines

Q (* <




GLUCOSE \WARHAIHMW

* Estimated baseline HbA,_=D0.4%
+ Glucose varniability month 1, 5D = 2.97 mmol

24 =

B level (mmold)

ﬂ | | | | | ] |

¢
60

dpﬂl‘lt HbA, = 7.5%
1|rﬂnat:|-inllt],|I munth 2, 3D = 2.91 mmolfl

T 1 \m- | 1
D 2 4 &6 E‘HJ@1415132022242&2331]3234353340

Q\’bQ Time (days of treatment)
Am J Med Sci. 2018 Dec;356(6):518-527.



Review .
Type 1 Diabetes

Diabetes Metab ] 2020;44:828-839 I I l
https://doi.org/10.4093/dm;.2020.0257

PISSN 2233-6079 - eISSN 2233-6087 DIABETES & METABOLISM JOURNAL

@ Check for updates

Time in Range from Continuous Glucose Monitoring:
A Novel Metric for Glycemic Control

Jee Hee Yoo', Jae Hyeon Kim*
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The Management of Type 1

American @
Diabetes O\OQ
Diabetes in Adults. A Consensus -Association. ¢

(%) Glucose

Q
. . N0 variability
Report by the American Diabetes ~
. - N\
Association (ADA) and the :
European Association for the European AsssBison
Diabetes Care 2021;44:2589—-2625 | https://doi.org/10.2337/dci21-0043 Q\
Table 1—Glycemic targets for most adults with type 1 diabetes A@ﬁ R&gpo rt: Continuous Glucose Monitori ng
Variable Target value
b\) Q?me in Ranges Goals for Type 1 and Type 2 Diabetes
HbA; <53 mmol/mol (<7.0%) "o
GMI <53 mmol/mol (<7.0% @ 6\ Goal: <5%
0) (" Very High  20%
Preprandial glucose 4.4-7.2 mmol/L (80—13@\71 @L?
(o)
1-2 h postprandial glucose® <10.0 mmol/ 4{ 0 @Q‘dL) 44% col: <25%
250
TIR
High 24%
TBR *\q
. . _ ‘</ X
Readings and time <3.9 mmol/L (<70 mg/dL; &\2‘ O(@M 180
level 1 and level 2 hypoglycemia)b \b?“ \%\
Readings and time <3.0 mmol/L (<54 mg/dL; o Y a% o
level 2 hypoglycemia)b > % mg/dL Target 46 /0 Goal: >70%
Time above range (b{&\Aée Each 5% increase is clinically beneficial
Readings and time >10.0 mmol/L (>180 mg/dL; QQQ K\C)Q <25% 70 Low 59
I 0
level 1 and level 2 hyperglycemia)® Qq} 54— 10% cosi <40
Readings and time >13.9 mmol/L (>250 r@gé <5% L .
level 2 hyperglycemia)© Very Low 3% o ,
Goal: <1% Each 1% time in range = ~15 minutes




\OQ\
QO
@
&
Q\
SR
CGM-Based Targets for T1D? and T2D " N4 > -
International Consensus Aiming for t\@g _cose_ target in
i most pafieg® with diabetes
> 250 mg/dL i P
< 5% & O
(13.9 mmol/L) B\
N
> 180 mg/dL < 2503 &S&‘ \\\e}
(10.0 mmol/L) g

TIR [ 18R

Target Range:

&
SR

70-180 mg/dL > 70% &0 )
(3.9-10.0 N \o?ﬁme Above Time in Range Time Below
mmol/L) F ¢ Range 70-180 mg/dL Range
\‘bb o
@ &
@QQ’. \o@“ Level 1 Hyperglycemia: 180-250 mg/dL Level 1 Hypoglycemia: 54-70 mg/dL
Qe ¢ Level 2 Hyperglycemia: > 250 mg/dL Level 2 Hypoglycemia: < 54 mg/dL
< 70 mg/dL (3.9 mmol/L) 2 92

< 54 mg/dL (3.0 mmol/L) o <1%

3For age <25y, if the HbA1c goal is 7.5%, then @QIR target to approximately 60%; Bincludes % of values >250 mg/dL (13.9 mmol/L).
T1D, type 1 diabetes; TAR, time above rangeiéﬁ, time below range; TIR, time in range.

Battelino T, et al. Diabetes Care. 2019;42:1593-1603.



Retinopathy . 2 @ Microalbuminuria
= O K
> s O .
£ 0%, 2o £ 505%% é,\b Il tempo in range (TIR) e associato
E’ 50% A E @0\5 @(b allo sviluppo di complicanze
- g 7 b%b @?_ microvascolari, come retinopatia e
4 y 3% @50 microalbuminuria.
S 30% - @ & 30%{ 27%
- 22% O e
2 20% - L& 6 20 15% 1?%
g 10% QO‘J & 2 12%
T 10% - %\ c 10% 1 7%
4 S l 2% 3%
W o - T 0% - - N
<10%  10-<20% 20-<30% 30-<40% 40-<50% 50-<60% 60-<7 a? 2 <10% 10 <20% 20-<30% 30-<40% 40 <50% 50-<60% 60-<70% 270%
N=26 N=124 N=234 N=271 N=319 N=300 N- él\ 1 = N=22 N=110 N=206 N=242 N=291 N=261 N=114 N=37
Percent Time in Range (70-180 m (\ Percent Time in Range (70-180 mg/dL)
O
N (%) with @\g;g’ HR Adjusted HR N (%) with Unadjusted HR Adjusted HR
TIR N outcome @é i)* (95% Cl)t N outcome (95% CI)* (95% CI)t
o \
Overall Q\&A@
=50% 466 36 (8) > k\\ 1.00 1.00 412 10 (2) 1.00 1.00
40 to <50% 319 32 Q% 1.54 (0.94-2.55)  1.61 (0.97-2.65) 291 20 (7) 2.44 (1.05-5.67)  2.40 (1.03-5.58)
30 to <40% 271 %3(22} 3.38 (2.22-5.15) 3.37 (2.20-5.15) 242 29 (12) 4.74 (2.16-10.40) 4.39 (2.01-9.58)
<30% 384 &4 (38) 6.23 (4.25-9.13) 6.93 (4.69-10.24) 338 57 (17) 6.68 (3.35-13.29) 6.98 (3.49-13.96)

Beck RW, et al. Diabetes Care. 2019;42: 400—405
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EVERY 10% increase in TIR REDUCED RISk ™ -
& \\">

Microalbuminuria \\Q’ &Retlnopathy

Adapted from: Beck @% gtx‘al Diabetes Care 2018;42:400-405; Lu J et al. Diabetes Care 2018;41:2370-2376
Diabetic Medlqﬁi \Blume 38, Issue: 1, First published: 19 October 2020,
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O
Obiettivo dellg@@ﬁo: Indagare |'associazione tra TIR e
DO :c.)m mortalita %gﬁig@é le cause e per causa cardiovascolare
o in sogge}&ﬁ\%@’diabete di tipo 2.

. . . . ingyi Lu,® Chunfang Wang,? Yun Shen,’ . A\ ¢
T].me 11'1 Range lﬂ Relatl()n tO ie.-'g;::n,zLjfzhjng,g;;:ghio(;f,lswheftu,l Co C)\®$1®}\i. Questo studio ros ettico ha dimostrato
All-Cause and Cardiovascular Jom ot GO prosp

\ga@aéaociazione inversa tra TIR e mortalita per tutte le

Mortality in Patients With Type 2 Ragh di I . i
Diabetes: A Prospective Cohort ta@se e per causa cardiovascolare in soggetti con
© @Q‘iabetetlpo 2.

Study o &

Diabetes Care 2021;44:549-555 | https.//doi.org/10.2337/dc20-1862 &O Q®
O%\ Q& Commento: Si dimostra la validita del TIR come
N\ . . .
552 Time in Range and All-Cause Mortality Diabetes Care ess ey 201 marker surrogato di outcome avversi a lungo termine
éQ,s(»)\o'b‘ in soggetti con diabete di tipo 2. Sono noti infatti i
Table 2—HRs for all-cause and cardiovascular mortality according to different levels of Q} O&\ Ilm'tl de”’affldab”'té dE”'HbAlC |n alcune COﬂdIZIOﬂI
@ as a continuous . . . .
= 'Sé\ﬁ‘z\o%fm T aratie (anemia, emoglobinopatie, gravidanza..). Inoltre,
>85% 71-85% 51-70% %) trend (each 10% decrease) . . . . . . epey
JR— ANK2 I"'HbAlc non da informazioni in merito alla variabilita
Nimbor of pete e e B ,@b%ﬂ?;f glicemica, all'ipo- ed iperglicemie. Il TIR risulta quindi
B E— R G complementare all’lHbAlc nel fornirci informazioni sul
Model 1 1.00 1.26 (1.01-1.59) 1.39 (1.1 a), 0@ 1.98 (1.60-2.44)  <0.001  1.10 (1.07-1.13) . . ,- . .
Model 2 1.00 1.23 (0.98-1.55) 1.30 1@4-1,53}\\ 1.83 (1.48-228) <0001 1.08 (1.05-1.12) controllo gllcemlco dell’individuo>
Cardiovascular mortali &
v D> A
Number of deaths 37 64 ‘,‘\\A SQ 105
Adjusted HRs (95% Cls) %\
Model 1 1.00 1.43 {0.95—2.14)QO 1.66 (1.12-2.45) 215 (1.47-3.13)  <0.001  1.08 (1.03-1.13)
Model 2 1.00 1.35 (0.90-2: 1.47 (0.99-2.19) 1.85 (1.25-2.72) 0.015 1.05 (1.00-1.11)

Model 1 adjusted for age and sex; model 2 adjusted for ag%})ex, smoking, diabetes duration, BMI, systolic blood pressure, triglycerides, HDL cholesterol,
LDL cholesterol, history of cancer, history of CVD, and use of antihypertensive drugs, aspirin, and statins.
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TABLE 1

Index

SD

CoV

IQR

MAGE

MAD

GVP

MAG

CONGA

MODD

J-Index

X\
LBGI &@tor \e ‘Low blood glucose index” was originally

The main indices of glycaemic variability (GV).

Units
mmol/L
(mg/dL)
%

mmol/L
(mg/dL)

mmol/L
(mg/dL)

mmol/L
(mg/dL)

%

mmol/L
(mg/dL)

mmol/L
(mg/dL)

mmol/L
(mg/dL)

Scorb(b' Calb\l ated from mean and SD of all glucose

> N\
)
R S

4

GFI

MRS
&GI L 'Score
R

mmol/L
(mg/dL)

Definition Interpretation

Short-term within-
day glucose variability

‘Standard deviation™ of mean glucose
concentrations
Short-term within-
day glucose variability
Short-term within-
day glucose variabihi
X0
Short-term yedhin-
day gluc Ariak

‘Coefficient of variation’ of mean glucose
(% SD/mean glucose)

‘Interquartile range’ calculated from AGP at a
given time point. It can be corrected for median
glucose and presented as IQR/med (%)

‘Mean amplitude of glucose excursions’
represents the difference between peaks and
troughs of glucose fluctuations. Can also be
corrected for mean glucose and presented as
0,
MAG/m (%) (g N
Sh erm within-

Q\QQAQqucose variability

‘Glycaemic variability percentage’ is int d to(} hort-term within-
capture both the amplitude and frea&e Y %3\6 day glucose variability
>

‘Mean absolute difference’ of consecutive
glucose values

glucose oscillations

Short-term within-
day glucose variability

‘Mean absolute glucose’ ch

glucose distribution at a g tim@mnt. Can be
an@ar ented as

corrected for mean g

MAG %

/- m (%) %% \Q | . N
‘Continuous qfpra n,e@aemlc action’ Short-term within-
integrates&n z@degree of glucose day glucose variability
excursi O&\

‘ da@ﬁerence' assesses absolute Short-term between-
| renci een two values measured at the day glucose variability

me Q@ time point
Mean glucose and

ues stability

Risk of low glucose
designed to estimate hypoglycaemia risk from
sparse capillary glucose readings

‘High blood glucose index’ was originally
designed to estimate risk of hyperglycaemia
from sparse capillary glucose readings

Risk of high glucose

Short-term within-
day glucose variability

‘Glucose fluctuation index’ compares differences
in consecutive readings. Can be corrected for
mean glucose and presented as glucose
coefficient of fluctuation (GCF, %)

)

@:apture mealtime glucose excursions.

2>
Remarks \Oq\

Dispersion o ose data. Highly influenced by
mean glu¥¥ Thigher glucose = higher SD)

Disp@\)h of glucose values corrected for mean

giQpse D

Q@fea:f@ glucose variation at a given time point

o\g veral days
\

Calculations can be subjective and differ
depending on whether ascending or descending
glucose limbs are used for calculations

No real advantage over SD as an estimate of
glycaemic variability

A complex measure of amplitude and frequency
of glucose oscillations, as well as aspects of
distance travelled

Can differentiate between excursions of identical
extent but of different duration

Requires complex calculations and measures
amplitude and frequency of glucose oscillations

Established measure of inter-day glycaemic
variability

Complex calculation, not widely used and
additional value is uncertain

While calculations can be complex, these
measures aid in differentiating between variability
above and below target range. Scope for above-
target readings is significantly wider than for
below-target readings, with associated
implications for impact and risk

The advantage over other GV metrics is unclear
and is rarely used
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How to evaluate? What
about the characteristics?
What's the reference
value?

Research of
the mechanism 6\)
.
| : o »
Correlation of islet function with ntervention study &O 1&@
the glycemic variability %\ KQ
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Glycemic profile variability as an

: : s
independent predictor of Studio su pazienti conég[ﬁgete di tipo 2, seguiti per 10

diabetic retinopathy in patients anni. 250
with type 2 diabetes: a DS
. N\
prospective cohort study L
| C)\ o @
A ROC Curve B ROC Curve P %\S\\' C ROC Curve
N &
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Analisi della curva ROC della reting@ ia\basata sulla media e sul coefficiente di variazione degli indici glicemici: (A) HbAlc,
(B) Glicemia a digiuno (FBS) e (g%lic%mia 2 ore dopo pasto (2hpp) durante il periodo di follow-up. FBS (differenza AUC =
-0,43, p =0,146), 2hpp (diggfnza AUC = 0,493, p =0,020) e HbA1c (differenza AUC = 1,27, p < 0,001).

Front Endocrinol (Lausanne). 2024 Nov 7:15:1383345.
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d?tem_linant of the healing rate _Of : 300 adults with DFU@&%&% into 2 groups (low and high GV),
diabetic foot ulcer: A retrospective according to the c%@ff&nt of variation (cut-off >36%).
B 0 N
study ¥
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Fig. 1. Proportion of healed/not hea@ individuals with DFU in both groups

with low and high glucose variability (GV).
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. Gl%cﬁggo?}ariability (GV) is an emerging risk factors for chronic
@%qug?lar diabetic complications.

S
90% O '\Q
80% Q:O -Q}@%dults affected by type 2 diabetes and diabetic foot ulcer (DFU
60.,; - i Qsé@oi@o with high GV have a 3-fold risk of healing failure than those
< 2 :
50% N &\2\ ‘\O(\ with low GV.
40% 35% ) \l~?~ &

« GV indices as coefficient of variation (CV) and standard
deviation (SD) are independent predictors of healing failure in
adults with type 2 diabetes and DFU.

» GV should be a target of therapy in people with type 2 diabetes
and DFU to improve their prognosis.




Event rates according to HbAle variability gronps

(KoGES — Ansung-Ansan

Cohort) p=0.001 12- = 1at tertile
104 F 10 — 2nd tertle
*Popolazione: 6.462 adulti non > — 3rd tertila
diabetici (<65 anni), follow-up 10 % :
anni 34
*Variabilita (CV) di: HbA1c, E ¥
glicemia a digiuno (FBG), 1
glicemia 2h postprandiale (PBG) 0+ : . : ] 0
*Endpoint primario: eventi . . S #n .
! : Duration (yr)
macro + microvascolari B o &
*Risultati: &O
HbA1c-CV. 1: rischio O%\~ Q&
ms:lipendente di'eventi Event rates according to gluc W’ﬂ*ﬂﬂ" groups
microvascolari % )
“FBG-CV 1 e PBG-CV S .
1: rischio di eventi P_Qﬁ ] =10 p=00 — 2nd terile
macrovascolari _ — Trd tertile
*Conclusione: maggiore
variabilita glicemica = maggiore 54 et
rischio vascolare anche in
adulti non diabetici

r Duration (yr) F Duration (yr)

Scientific Reports volume 9, Article number: 1374 (2019)
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Effects of antidiabetes
drugs on glycemic

variability in patients with
type 2 diabetes

Am J Med Sci. 2018 Dec;356(6):518-527.

Drug class Study design (duration) Comparator
Drug \0
Alpha glucosidase inhibitor \O
Acarbose™ Double-blind, RCT Placebo® Decrease in intra- \/, especially postprandial variability
(1 week) with acarbo: @ lacebo, but no significant change in
inter-day (;‘.% X
DPP-4 inhibitor » N
Saxagliptin® RCT (1 year) Acarbose® Both saxalip‘[‘ @d acarbose decreased GV to a similar
e S G reductions in A1C and FBG with saxa-
rbose®?
Sitagliptin© Double-blind, RCT Glimepiride® j \|biin and glimepiride reduced A1C, however,
4 weeks) N Si nt reduction observed in the amplitude of GV
>
. \' E) with sitagliptin, but not with glimepiride. No dif-
Q
Q\ . % rence in SD between treatment groups®®
Vildagliptin® OL, RCT (16 weeks) Piogli . b oth vildagliptin and picglitazone significantly reduced A1C
(b' %\ and mean plasma glucose, but reduction in GV was only
\\ > seen with vildagliptin®
GLP-1RA > %)
Liraglutide® OL, RCT (6 months) &&Ii‘n itration Addition of liraglutide to intensive high-dose (basal-bolus)
6 aloqh insulin therapy resulted in significantly greater reductions
0® (00 in A1C and GV vs. insulin therapy alone*®
Sodium glucose co-transporter 2 inhibitor (%4} 6\
Dapaglifiozin’ OL, RCT (20 @s}g (0 Saxagliptin Dapagliflozin was associated with a significant reduction in
mean glucose levels and in indicators of hypoglycemia
N\
% \Q during Ramadan. However there were no significant dif-
O . Q ferences between dapaglifiozin and saxagliptin in GV
6Q t'g\ pre-Ramadan and during Ramadan®*®
Rapid-acting basal insulin analogs \Q)
Exenatide Reduced coefficient of variation with metformin + insulin
glargine + exenatide compared with metformin + insulin

- Q
Insulin lispro &\2\ (\ Post hoc
O analyses of
t?\ \%\ 3 studies
Long-acting basakin II&alogs
Insulin detemir™ \(b, OL, RCT (52 weeks)
& @
@

’OQA

|r@|% |a@b%e oL, RCT
A(b (70) (2 years)
2O
2\ Combination
O IDegLira® Post hoc analysis of RCT
. \()Q (52 weeks)
Q iGlarLixi Post hoc analysis
of RCT (30 weeks)

glargine + RAI. Other GV indices showed nonsignificant
trends toward improvement with exenatide '’
Premixed insulin glargine plus insulin lispro was associated
with reduced glycemic variability in metformin treated

Insulin glargine
patients compared with insulin glargine alone®®

alone

Both insulins resulted in clinically important reductions in
A1C, with no significant difference between insulin dete-
mir and insulin glargine in within-subject variability for
self-monitored FPG and premeal prandial glucose, or risk
of hypoglycemia®®

Insulin glargine reduced PPG excursions. but did not increase
risk of hypoglycemia, and was associated with similar SD
and MAGE at 2 years compared with standard care®”

Insulin glargine'

Standard care

IDeglLira treatment reduced glucose fluctuations and post-
prandial glucose excursions compared to insulin

degludec™*®
iGlarLixi treatment (vs. insulininsulin glargine) significantly

reduced GV compared to insulininsulin glargine®’

Insulin degludec or
liraglutide alone®

Insulin glargine
alone'
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OPEN Clinical implications and Q®5\(§é§‘
pharmacological considerations of \@’i
glycemic variability in patients with -Stud@reg%spettlvo su 680 pazienti con
type 2 diabetes mellitus dl%ﬁ%@dl tipo 2 (follow-up medio 78 mesi).
Alanood A. Howsawi®® & Manal M. Alem @™ -‘&\a uﬁrlablllta glicemica a lungo termine (GV),
"y Comparison of Major Adverse Cardiovascular Events (MACE) based on FBS variability Q&’r |Q¢ffartlcolare FBS-CV >17 5%, predlce eventi
o S%ardlovascolarl maggiori (MACE)
*r &8 ,&? | indipendentemente dal controllo glicemico (HR
Ly Qo% & 1,589; p = 0,040).
> M & (z}e,% La GV non predice le complicanze
g 92/~ ose@.@\(‘ microvascolari, che dipendono principalmente
S g0 Q\Q" (\Q,O dalla durata del diabete e dal controllo glicemico
S sl {y’\ P (G-Hb/FBS).
sl o \Q}@ *| pazienti trattati con metformina o DPP-4
.l R inibitori avevano la GV piu bassa rispetto a chi
L &Q’é 0@4 assumeva insuliqalsulfopiluree, suggerendo un
e = s @Q @‘\?o = = possibile ruolo dei farmaci nella protezione
{,ane (mohths) cardiovascolare.
o e T

— FBS-CVz17.51%
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(b'Group
v
204 type 1 diabetic patients cD34+ CD133+
g R B . 270 220
84 treated with insulin pump (CSII) 2 20 .
0 0 0 0 o . 0.0 q 2 250 200
120 with multiple daily insulin injections (MDI) a 2-year follow-up. S o l’/] 150 1—-—-/{
C .!:_ 230 180
Table 2 Main O 2 Years in the Overall Populati 3 o
able amn utcome at ears In the vera Oopu ation o 210 P < 0.001 160 P =0.002
. _ 2 200 150
Parameters All Patients (n=204) (/ \e Baseline 2 years Baseline 2 years
N
Baseline 2 Years A Q/ . Q P
A CD34+ KDR+ CD133+ CD34+ KDR+
Weight, kg 695+ 10.7 701 + 11.2 063 Q_ Q 0.056 . -
BMI, keg/m* 243 + 3.1 244 + 29 WATERS) 0.384 2 1—_’_’—1 40 - —
Fasting glucose, mg/dL 208.6 + 66.9 186.8 + 714 \@M 3(@ <0.00| 2 . "
HbAlc, % 86+ 1.1 82+ 13 N3 f@ <0.001 s
r~ < 10 20
Insulin dose, U/day 0.69 + 021 0.56 + 0.22 {3 0462023 <0.00| 2 i
MAGE, mmol/L 6.6+ 2.1 6.1 2.1 0.3 S+ 20 <0.001 oo P <0.001 P <0.001
CONGA, mmol/L 66+ 17 63+ 18 6 (0—0.2 +12 0.006 0 - o _ )
@ aseline 2 years Baseline 2 years
SD, mmol/L 35408 33+08 \ ‘Q -02+07 <0.00|
A
Lipids, mg/dL ro K CD133+ KDR+ CD34+ CD133+
Total cholesterol 1652 + 28.1 163.5 + OQ 2112 0.256 @ 190
LDL-cholesterol 902 + 23.5 8s. 3@ 7 \\ —18+214 0.847 g 40 1’:2
HDL-cholesterol 574 % 129 Q@ —074 123 0.691 e 30 - —1 160 =
Triglycerides 735+ 21.4 .si 3.0 +218 0.481 S 0 150
“9 ‘3 10 P =0.016 10 -
Blood Pressure, mmHg (©) 130 P =0.409
Sep 120 (90—140) . (DQ 120 (80—140) 03 %05 0.954 0 120 _
DBP 75 (60-90) Q 70 (60-90) 0. 06 0.723 Baseline 2 years Baseline 2 years

Figure | Change of circulating levels of six phenotypes of EPCs in the overall population over two year-ollow-up.
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N\" .
Param N %\Or Univariate Multiple Regression
’:{.(b, . Os@ Analysis Analysis
EPCs Phenotypes CSll (n = 84) MDI (n = 120) : U“@" e . B-Coefficient .
P AN\
\J
cD34* \\q}? Weght o100 | o03es | o098 0.459
Baseline 225 (155,324) | <0.001 | 247 (173,279) | 0.046 (b‘b \g, ™I 0.080 0.942 0.082 0.724
2 years 256 (189,355) 251 (200,273) b& ’\41_7) Fastdng glucose | 0.044 0.685 0.039 0.287
) 0& A HbAlc —0.145 0.063 —0.128 0.142
cD133* @0 6\6 | A MAGE —0.387 | <0001 | -0.322 0.020
Baseline 178 (114,225) | 0.005 214 (138,242) | 0094 &O > A CONGA —0.098 | 0346 | —0.041 0.836
Q7D A SD 0259 | 0017 | -o0us2 0.078
2 years 199 (141,241) 217 (158,246) MRS
%QO %\Q ACD34 "KDR™
CcD34*CDI133* 4 )
RN A Weigh 003 |o0719 |-0033 0.542
Baseline 150 (95,204) | 0516 178 (120,214) | 06 4 =gt
S \\ A BMI —0.114 | 0303 —0.094 0.675
2 years 149 (110,199) 177 (130,217) ,g: d~ A Fasting glucose | —0.101 0362 —0.087 0.763
CcD34*KDR* \2\ & A HbA I c —0.112 | 0075 —0.094 0.821
_ ?'S ‘%0 A MAGE —0.355 | 0019 | -031e 0.004
Baseline 42 (32,49} <0.001 39 {29,4% AQ,} 034 A CORMGA 0.074 0536 0.026 0917
2 years 50 (40,84) 40 (3049) @ A SD 0272 | 0025 | —0.143 0.156
O\
[
CD|33+KDR+ (&&Aée ACDI4A KDR CDI33™
Baseline 25 (23,35) 0.003 bQ |,\€)@,3B;I 0.525 A Weight —0.005 0615 —0.002 0.884
2 years 30 (22.50) Q 3@(22,35} A BMI —0.001 | o889 —0.009 0.742
‘\\?\‘D—Q A Fasting glucose | —0.072 | 0497 —0.021 0.218
CD34*KDR*CDI33" O%\ A HbAlc —0.101 | 0092 | —0.091 0.194
Baseline 17 (14,24) \Q:Q-:u.ﬂm 20 (14,24) 0.286 A MAGE —0.261 | 0016 —0.188 0.176
2 years 25 (16,37) 0 20 (15,26) A COMNGA —0.121 0271 —0.083 0.564
A SD —0.289 | 0.006 —0.092 0.692




1146 Diabetes Care Volume 43, May 2020 y \'0\0
7 useof

@ " Q\(b technologies
g @@ Check for °\\,
= (\’b (5\\’0 g
= . aria Ida Maiorino,*? Simona Signoriello, . ¥

Effects of Continuous Glucose O e ey Q}\’b .\’\\

Monitoring on Metrics of Glycemic — Sueee selestela @ @ i D

- - - ario Giugliano,*? a;'r )’é\' \\(b
Control in Diabetes: A Systematic 2o Giusliano ™ and O .x2
Katherine Esposito O ’\\,

Review With Meta-analysis of @ 0

Randomized Controlled Trials qu} @(b

Diabetes Care 2020;43:1146—1156 | https://doiorg/10.2337/dc19-1459 6& »\AQ

R
@ O
,&O >
AN @Q
O L
& 5

 We performed a meta-analysis of 15 randc@« controlled trials (RCTs)
comparing CGM with usual care for pa(gﬁfe&@rs of glycemic control in both
type 1 and type 2 diabetes.

* We selected RCTs that assessed\f%ogﬁ’ changes in HbAlc and time in target
range (TIR), together with tg@% tg%\}ow range (TBR), time above range (TAR),
and glucose variability engngéd as coefficient of variation (CV).

o
Diabetes Care. 2020;43(5):114@“?156.




Table 2—Preplanned subgroup analysis

Comparisons Patients Control subjects Estimated WMD (95% Cl) [P ? P value of Q,t\@(b
HbA . Q}O
rtCGM 13 851 769 —0.23 (—0.36 to —0.10) <0.001 92.2% @)01
iCGM 3 350 276 0.00 (—0.01 to 0.02) 0.861 0.0%
SAP 2 107 108 —0.16 (—0.67 to 0.35) 0.542 85.5% 6\ é
Overall 18 1,308 1,153 —0.17 (—0.29 to —0.06) 0.003 96. 2% NZ0.001
TIR \\(b P\\
rtCGM 13 851 769 83.49 (52.68-114.30) <0.001 6&9/)/'\% <0.001
iCGM 3 350 276 53.91 (28.54-79.27) <0.001 ( 6b. 0.617
SAP 2 107 108 37.10 (0.74-73.45) 0.045 Q\ Q' 0.799
Overall 18 1,308 1,153 70.74 (46.73-94.76) <0. .3% <0.001
TBR level 1 N
rtCGM 13 851 769 —15.82 (—25.70 to —5.95) m%.OQ? 96.6% <0.001
iCGM 3 350 276 —56.26 (—88.91 to —23.600)" -O¥01  93.7% <0.001
SAP 2 107 108 —41.04 (—127.10 to 45,(& ,.‘O&)BSO 88.1% 0.004
Overall 18 1,308 1,153 —27.16 (—42.08 to —@558\ < <0.001 98.9% <0.001
TBR level 2 & >
rtCGM 8 524 450 —5.65 (—10. aag\o Q?Ps’) 0033  743% <0.001
iCGM 3 350 276 —26.23 ( 0\\43 40) 0.024 86.8% 0.001
SAP 1 76 77 —37. 40,(C$, Q0 —28.75)  <0.001 — —
Overall 12 950 803 3@\(( QQ&\:’» to —6.53) <0.001 91.7% <0.001
TAR level 1
rtCGM 12 788 716 @%4 3@ 75.03 to —33.64) <0.001 21.7% 0.230
iCGM 2 231 156 &\2‘ Q 2 (—3.00 to 74.03) 0.071 0.0% 0.588
SAP 2 107 108 ?~ ¢ .98 (—34.95 to 82.90) 0.425 26.3% 0.244
Overall 16 1,126 980 (b'\b QQ) —30.26 (—58.15 to —2.38) 0.033 67.9% <0.001
TAR level 2 6
rtCGM 8 545 2 &Q —44.79 (—74.97 to —14.61) 0.004 69.6% 0.002
iCGM 3 350 (b& 27~Q® —16.16 (—30.57 to —1.74) 0.028 0.0% 0.562
SAP 1 76 K® {\ —1.44 (—28.09 to 25.21) 0.916 — —
Overall 12 (D'Q é 815 —27.68 (—45.31 to —9.97) 0.004 63.9% 0.002
v R
rtCGM 7 @ 449 —2.56 (—5.28 to 0.17) 0.066 93.1% <0.001
iCGM 3 . (OQBSO 276 —3.86 (—5.15 to —2.57) <0.001 78.1% 0.010
SAP — QY - — — — — —
Overall 10 859 725 —3.09 (—4.43 to —1.74) <0.001 90.7% <0.001

Diabetes Care. 2020;43(5):1146-1156.
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The therapeutic efficacy of continuous glucose monitoring in diabetes: . (SQ®
an updated meta-analysis with meta-regression /\\)\
Mihae o Lorens Sappean 0. Mo Lo Sl Foremsers e st 19 RC];}_@}\ 20%comparisons and 2949 patients
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RO
s000 Y- 7691.986 " TR 18004 Y1082 1695 TAR N @9\ Variable B Coefficient P value R?
s | p<0.001  R°-0.78 10.00 - p=0.001 R*=1.00 N \(b' ‘\0 (%)
. . ( 3 TIR -1.98 0.000 78
g - . TBR -0.90 0.095 21
ER g oo TAR 1.69 0.000 100
% 2000 - % zzz ] P: subjects with both type 1 and type 2 diabetes and
3000 3000 - pregnant women with diabetes.
000 8007 I: CGM as either rtCGM, iCGM or SAP, compared with
' o usual care (mainly self blood glucose monitoring).
. o s : age-matched subjects with type 1 or type 2 diabetes.
" : change in HbA1lc, mean glucose and CGM-derived
metrics (including TIR, TAR, TBR)
050 040
040 Y- 0.094-0.047 IR 020 Variable B Coefficient P value R?
oo | p<0.001  R?-0.57 (%)
0.00 TIR -0.046 0.000 57
2 204 TBR -0.014 0.371 0
: TAR 0.047 0.000 100
1.40
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