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Fatal and non-fatal myocardial infarction Fatal and non-fatal stroke
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Il paziente diabetico ed il rischio di malattia CV
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Effect of a multifactorial intervention on mortality in T2D
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ruolo dell’iperglicemia «per se»
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Diabetes with poor glycaemic control does not promote atherosclerosis in ’\o\Og
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Uiperglicemia come «moltiplicatore»
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Physician Thomas Willis 6\0\ ‘
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Sweet flavor of urine in patients with diabetes. \\@(\ ‘\6\\
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History of Diabetes Diagnosis
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Early 1900s

1917: lacahsen Qral glucose tolerance test
1923: Jorgensen IV glucose tolerance test

“carbohydrate ingestion results in blood glucose fluctuatlonsa\\a

Oral glucose tolerance test

(\G%Ht)etes was defined using statistical criteria
as glucose levels greater than the mean values
plus 2 standard deviations 60, 90, and 120 min

after the oral glucose load.

“but at least six different criteria used until 1979

\6“6
@‘5
a =



History of Diabetes Diagnosis
1979 8
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Classification and criteria for Diabetes 2

from NDDG (National Diabetes Data Group) \‘\‘b(\ R
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* 1980 endorsed by WHO. ‘ ’{6\
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History of Diabetes Diagnosis
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1997 ADA Fxpert committee (5 0
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To make FPG concentration and 2-hour OGTT glucose equ»gqa\}? d\\‘
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History of Diabetes Diagnosis
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1997 ADA Fxpert committee 6\0
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Prediabetes: \,a(\a (\\'6\\6
-IFG: FPG 100~ gf o\
* Consider A1C for diagnosis i Equwale%td@ﬁ
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History of Diabetes Diagnosis
oo

Postmeal glucose 1997 ADA FXDPI‘T FDIRQ@@E‘\
A1C used for diagnosis. @(\a \\@\\6
il Long-term glycemic exposun:e @Qﬁ\g
. ,\c\e L\g\\@
Dlab% 6\
Ge S‘@ mg:’dl (8hr fast) or
GG GTT 2-hr glucose =200 mg/dl or
\ Symptf:rms with Casual glucose =200 mao/dL
\ D
Blood ?P\O (Gg High risk for diabetes:
Glucose \/O Q -IFG: FPG 110~126 mag/dL
Based P\O (\6\3 -IGT: 2-hour OGTT glucose 140-200 mag/dL
s \O) -A1C: 6%~6.5%
Mgzﬂ' Moderate retinopathy
“E§15~
EZ 101 |
2R 1
g2a 54 i
B 0 e ———— !
frIIEIEIIIIIIGEECG
Urine HbAle by 0.8% intervals ST

glucose



History of Diabetes Diagnosis

Meorning Blood
Glucose

=126 mg/dl
i mmald)

=6.5%

Post-Mea)
(two Rovars after
the sacrt)

140-199 mg/di = 200 mo/dl
(7.78-11.06 mmolfly (1111 mmoldd)

- 2009 high risk: 6.0 ~ 6.5%
-IFG110=A1C5.6%

-IFG 100 =A1C54%

- DPP: high risk 5.7%

* NHANES (1999-2006)
ROC for IFG cut point: 5.7%
- sensitivity (39%)

- specificity (91%)

ldentify IFG or IGT




Association of A1C and Fasting Plasma
Glucose Levels With Diabetic Retinopathy
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T2DM incidence rate ratio associated with IFG 5.6 mmol/L threshold

Study

Asia/Middle East

Anjana 2015*

Han 2017*
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T2DM incidence rate ratio associated with IFG 6.1 mmol/L threshold

Study

Australia/Europe/North America
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T2DM incidence rate ratio associated with IGT threshold

Study
Asia/Middle East

with estimated prediction interval
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Quale delle seguenti categO(\b@d\@@"‘
ha un rischio di T2DM r@ag\‘gm@é?
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Implications for practice
O\OQ\

Several uncertainties 0 6\0
\\9
« Many of the prospective cohort studies did not adequately investigate other &&\s @@@)anates

» Glycaemic status can be measured in various ways

» Results varied widely, making it difficult to specify the best deflnltlon fg(bﬁ d\\’&\\@
» With increasing years of follow-up, T2DM incidence increa 88@& r%q&?slon from IH to
normoglycaemia was also high
O\’(
Due to the fluctuating stages of normo@{s@ g\‘a)‘?and T2DM, practitioners should be careful about

the potential implications of ang@‘x%e\ é@(er%nt/on for people ‘diagnosed’ with IH.
(‘5



Implications for research

\

o 002

Future investigations . \06
. O\
» Minimise secondary analyses of cohort studies where investigators synthetically forr(r{@@hg Wp of
\ L AN
people with prediabetes, as such analyses are suboptimal \:6\\9\\ 9\(5\\
O .

* Urgent need for data from Eastern Europe and Africa 500\ \d\’\’&\\a

\o S
Urgent need for prospective cohort studies to examine the lg\lgﬂoﬁ\s\‘%@@@tween IH and

N\
normoglycaemia, T2DM incidence and the develop\ mg?d@ti'&l(c complications
()
Studies should be adequately powered an%ag&%g\d&@r@g suitable statistical techniques such as
time-dependent regression methods? p\O\f \(\a\e
R o of
G\,



HbAlc

* Latenza temporale
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Richard M. Bergenstal® Roy W. Beck,’ . 0‘\0\()
\ .

Glucose Management Indicator ] o e/l o o N 8 &
(GMD): ANew Term for Estimating st s o R e
A1C From Continuous Glucose O et " eV \6@
Monitoring William T. Cefalu™ \\6 600 d\\'a\
Diabetes Care 2018;41:2275-2280 | https://doi.org/10.2337/dc18-1581 \)\'a 6 &ae e e AL e e
O(\\‘ CGM derived mean glucose
10 4 6 \ O concentrations
CGM-derived mean
- g glucose (mg/dL) GMI (%)*
E | 100 5.7
> 125 6.3
2 81 150 6.9
S 175 7.5
= 7. 200 8.1
%6 225 8.7
\ 250 9.3
o> S
0‘\69 S & e 275 9.9
6? 20 300 10.5
& T T T T 350 11.7

100 150 200 250
CGM-measured mean glucose (mg/dL)



Factors that influence HbA1c

and its measurement

Availahility Blood glucose concentration

of glucose Erythrocyte membrane permeability [28]

Genetics [26, 70|

Regular aspirin ingestion[11]?

High dosesof vitamins Cand E[71, 72]*
Oxidative stress [73]

Glycation rate

Reduced ervthropoiesis
Iron and vitamin B12 deficiency [74-76]

Renal failure [77)

Bone marrow suppression
91 \S
W\
0(\9\

Ervthrecyte
lifespan

(e g. pregnancy, alcoholism) | ?8|
Increased erythropoiesis

Iron or erythropoieti

fu
Reduced haemoly %?

Splene; r?
Inere i} llo]', bl

d&emoh ti
Thal %@1 282
maoglobinopathies [83]
Splenomegaly [11]

a[Bl]

Chronic liver disease [84, 83]
Drugs (e.g. ribavirin, dapsone) [86-88]"
Interindividual heterogeneity [28]

Race and ethnicity
High in African Americans,
Hispanics, Asians

g\
O®
(0%
SRR\
Factors reported to interfere with some I—Lb&&_\&say \\6

SN 6\

Haemoglobinopathies
Structural vanants
HbS[92]
HbC [92]

HBE 93} . \O
Hb%\)

\}@ed;tary 6)@ éence of HbF[94]
é Qienvanves ofhaesmoglobin
5\

arbamylated haemoglobin
(e.g.asaresultofuraemia) [95]

Acetylated haemoglobin (e.g. as seen with large
aspirindoses) [95]

Others
Hypertriglyceridasmia [96)]
Hyperbilirubinaemia [11]
Alcoholism [11]

Chronic opiate use [97]
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Evidence That Differences @thtd’éamme -3-Kinase

Activity May Be Assoc@é?} \e(f&? the Glycation Gap in

O o
Human Diabetes Pg)\«g\(@\e

Simon J. Dunmore,! An@kﬁ]} 01 Ananth U. Nayak,? Aruna Narshi,? Alan M. Nevill,?> Anne Hellwig,*
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QuestionNow! gnow.it)
gnow 2
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Qual e I'impatto relativo dell andamer\wg\lmémlco
nell’ultimo mese nella determmagwfga\@@élla HbA1c?
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Glycated Hemoglobin, Plasma Glucose,

and Erythrocyte Aging
Deltran Del Rio et al. JDST 2016

RBC survival curve

=

o
o)
T

o
w

O
~J

o
o

o
=
T

Surviving ratio
o
un

’H?{ln ol l'otal HbA . Decrease

Mese -3: g&% :

\
Me\@\ﬁ‘? 30% -

AR ~

A 3@@51: 50%
2\ 68 |
e\ |

80 100 140

Time (Days)

o
W

o
[ S]

o
[

o

Figure 3. Rate for change of HbAIc % after a stepwise change
in MBG. The 3 estimates correspond to calculations based on
different erythrocyte life spans: MEL = | 17d, solid line; MEL =
140d, dashed line; MEL = 97d, dot-dashed line. Data in diamonds

are measurements from Tahara and Shima.
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This €5 the second in a senies of

eccassional notes on medical
statistics,

Department of Public
Health Sciences, St

Dm:gi-s G Altman, head

BMF 1004,308:1409

BM] vorLume 308

Regression towards the mean
J Martin Bland, Douglas G Altman

The startistical term “regression,” from a Latin root
meaning “going back,” was first used by Francis
Galton in his paper “Regression towards Mediocrity in
Hereditary Stature.” Galton related the heights of
children to the average height of their parents, which
he called the mid-parent height (figure). Children and
parents had the same mean height of 68-2 inches. The
ranges differed, however, because the mid-parent
height was an average of two observations and thus had
its range reduced. Mow, consider those parents with a
mid-height between 70 and 71 inches. The me
height of their children was 69-5 inches, which
closer to the mean height of all children th
height of their parents was to the \.‘l
parents. Galton called this phﬁlg‘.m

towards mediocrity”; we nmﬁ
LR
n 70 and

the mean.” The same
eir parents was 69-0

children. For th
71 inches L?
inche 1% a statisy t a genetic phenomenon.
of mid-parents by height and
ate YP height of their children, these
me close to a straight line, This line came to
,&n l’.he regression line, and hence the process of
ng such lines became known as “regression.”

In mathematical terms, if variables X and Y have
standard deviations sy and sy, and correlation r, the
slope of the familiar least squares regression line can be
written rs,/s,. Thus a change of one standard deviation
in X is associated with a change of r standard deviations
in ¥. Unless X and Y are exactly linearly related, so
that all the points lie along a straight line, r is less

4 june 1904

o\@‘
t of a]é\

HY wol} papeo|

®)
‘ a@’\

nb Ag g0z Aeniga4 || uo juoolw

64 2 3 3 2 1
T T T T T 1
o4 66 68 70 n 745
Mid-parent height (in) o)
Galton’s original data showing the relation between the heights of S
children and their parents, with regression line’ py
D
o

than 1. For a given value of X the predicted value of 2
is always fewer standard deviations from its mean than8
is X from its mean. Regression towards the meanZ
occurs unless r=1, perfect correlation, so it alwaysﬁ
occurs in practice. We give some examples in a~
subsequent note.

1 Galton F. Regression towards mediocrity in hereditary stature. Fournal of the
Anthropological Inssicuse 1886,15: 246-63.
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Young T1D uncontrolled, started SGLT2i off-label on March 2018
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Regressione verso la media
Implicazioni pratiche

* Un valore di HbAlc sopra la media per quel paziente sara seguito, con maggiore prob\Q@\ @
* Piu e alta HbAlc maggiore € la riduzione da attendersi \G O
o0 W2
SO A
6\\’& 65
\)\3 @(e
2

e &
\ﬁ\ 6
e Riduzione HbAlc sempre proporzionale a Hblﬁ %93I5|a5| trattamento
* Riduzioni di HbAlc maggiori per valori m bA&\ee?evatl nella popolazione

* Riduzione HbAlc anche nel gruppoP&lg O(\g\

Implicazioni in ricerca

Magnitude and P’@éﬁ% @ﬁ‘@?acebo o e St Walr . Brown’
Response 1r{éibﬁﬁng@1\ﬁf‘rlals of Oral

Antlhg;g\e @@ﬁllc Agents: Data

]%"@ﬁ? the U.S. Food and Drug

Administration, 1999-2015

Diabetes Care 2018;41:994-1000 | https.//doi.org/10.2337/dc17-1316

vanre piu basso



Regressione verso la media

e\o\Og\
RCT 6\0\&‘)
 Alc media basale della popolazione ‘6(\6 ‘ 6\‘\6‘\\
» Effetto «placebo» . \\0\\ é\d\\
* Correlazione Alc, . AlC4 ‘\6\6 ‘\6@
c,0C ‘d\\a\
A
RWE 6\)\6 ‘\‘G(G
_ oY . %O(\
 Alc media basale della popolazione \$\ © ‘36\
* Correlazione Alc,,...e ALC s Pso ‘ Q(Gg

* Importanza di un gruppo di controllo RtO\,O ?}? S
e \Valutazione della variabilita pre-trat 0 %\5 Mmare la regressione verso la media
%n@ oY
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Clarke's Error Grid Analysis
400 -

4
A are those values within 20% of the refa{@dbg
sensor, 0 .3‘0

B contains points that a @ﬁ}%l Q@\?‘ % but would

not lead to inappr I@Q\nent
oc® & KAV
Care tjab& pougt%‘} adlng to unnecessary treatment,
\)\3 \le(
ﬁ\ ose points indicating a potentially dangerous
Pg‘&a ure to detect hypoglycemia or hyperglycemia,

(%
-
-

200

E are those points that would confuse treatment of
hypoglycemia for hyperglycemia and vice versa.

100

Predicted Concentration [mg/dl]

0 ‘ 100 200 300 400
Reference Concentration [mg/dl]



Adolescent

Sensor
Capillary £
Fat/ 2
Muscle F
Plasma: V, cell 4

35

Interstitial fluid: V,

e \ % Delay (min)
0\$\ g‘a 6 aoumGA Platinum  ed@wNavigator  =s=Enlite

eV . o
e\ ? Adult
Table I. Estimated delay by sensor for adolescents and adults. e
8
G4 Platinum G4 Platinum vs Navigator Navigator Navi ?E In:e Enlite vs G4 Platinum ;
Mean + SD (min) P value Mean + SD {n?u»)\ value P n*SD (mln} P value &
Adolescent 56+09 0396 §i@ (ﬁ 43+ 1.0 5176 5
Adolescent vs
adult P value 02 (6\'6 ! 2\@\\6 ) s,
a
Adulc 8.1x07 0 g(\)a ‘{%t d113 83x09 .3584 % i
o eN® 2o
.5 \]a (\0 3
AN A\ !

35

Delay (min)

efun(G4 Platinum  sslls=Navigator ssgip=Enilite



Table 1.

Manufacturer-Reported Delays in CGM Devices

Product Manufacturer Technology
Medtronic ¢0Y . AN
CGMS Gold MiniMed Transcutim%@@ 635‘{@
Medtronic ﬁg}d\)\»" '\leﬂe
Guardian RT MiniMed 5 {@ﬁééus 8.25+ ISF
da
SEVEN \Eg&&\h; ng. GiRAnscutaneous 5
Freestyl P\() Aot 03 04
Navi §? A\Dlabetes Transcutaneous 12.6
3o \O Menarini T 1019
X G\W@&l@}l}-’ Diagnostics Microdialysis 1.7-6.21%
Q@('a AV
\Z N© . Reverse "
‘\\"\\169( {\OG GlucoWatch J&J, Animas iontophoresis 10+ ISF
) S
? 4DexCom marketing literature.




QuestionNow! gnow.it)

gnow 3
G\O\OQ\
Quale caratteristica del CGM e piu |m\E)\ \%\mé nella
S
pratica clinica? 0\36\6\\6@
\96\ (866
?é 036 0(\\le
A. Acc
B @8&&\9@9
O\Wg@Pratluta
x@d
GQN’@(@ D. Durata
\\
é\&\\l%\;(@e\\



Implicazioni cliniche

« CGM RT o FGM: delay e accuratezza equamente importantsi

Implicazioni in ricerca 6\)@9
e\
 CGM blind: accuratezza piu importar‘]%t@‘&é\l(%@'é&5
0¥
$? P‘O ‘\g\(\a\
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& o St G\O\Og
Richard M. Bergenstal® Roy W. Beck,’ . 0‘\0\()
\ .

Glucose Management Indicator ] o e/l o o N 8 &
(GMD): ANew Term for Estimating st s o R e
A1C From Continuous Glucose O et " eV \6@
Monitoring William T. Cefalu™ \\6 600 d\\'a\
Diabetes Care 2018;41:2275-2280 | https://doi.org/10.2337/dc18-1581 \)\'a 6 &ae e e AL e e
O(\\‘ CGM derived mean glucose
10 4 6 \ O concentrations
CGM-derived mean
- g glucose (mg/dL) GMI (%)*
E | 100 5.7
> 125 6.3
2 81 150 6.9
S 175 7.5
= 7. 200 8.1
%6 225 8.7
\ 250 9.3
o> S
0‘\69 S & e 275 9.9
6? 20 300 10.5
& T T T T 350 11.7

100 150 200 250
CGM-measured mean glucose (mg/dL)
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TABLE 1. METRICS TO CHARACTERIZE GLYCEMIC Vnmnuluw (\0 *?‘\\6\

N — o\ at
el " v e rrme oo IIe 17 1 TETat ‘\\'6 \
Methods to characterize glycemic variability (»;\G\'a 6\;\@@6
. SD (for various subsets of data., within-days. between-days) 660 ‘\6\
o\ 35

fsd 9 —

0N

. %0CV (SD expressed as a percentage of the mean)

. Simplified frequency distribution (% of glucose values mth%@a}’%u{@y@ S. % 1n hypoglycemic ranges,
% 1n hyperglycemic ranges, and other ranges as desirg )6

Glucose frequency dlﬁtrlbutmn and cumulative frm&*gy d@m tmn

AGP (smoothed glucose percentiles by time

. MAGE, MODD. ADRR, CONGA,,. C‘O 4(3 , 1@5 AD

. GVP, MAG DT ? \S
Time series analyﬁlﬁ (Fourier a \;@\ %Lgf)\%ﬁram spectral frequency density, Multiscale Entropy (MSE),

Complexity analysis)

-fC)\O

ADRR, Average Daily (@}{anv a*x\é"P Ambulatory Glucose Profile; %CV, %Coefficient of Variation; DT, Distance Traveled: IQR,

Inter- Qudru]L RdI'IUL

Glycemic E}CLLIWI
\

O%

0\69

solute Deviation; MAG, Mean Absolute Glucose change per unit time; MAGE, Mean Amplitude of

Q{@lﬁmn Of Daily Differences; SD, Standard Deviation.
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Association of Glycemic Variabili ag,q;;c;gx\ﬁf@ﬁjjf“”f

in Type 1 Diabetes With a0 e oo e ione
Progression of Microvas?cf;u\lf‘%)ig’o\ ° Jorthe DECT/EDIC Rescorch Group:
Outcomes in the D&a@@a&zéomml

and Complic %@@@E‘g@ﬁ&l

S
Diabetes Care 2017:40: 7(;5@@_%65{@\%//d 0i.org/10.2337/dc16-2426
o Q (\06\‘

O . . . .
Ove qﬂgﬁthlﬁﬁay glycemic variability, as determined from quarterly glucose profiles, does
not play an apparent role in the development of microvascular complications beyond the
influence of the mean glucose.
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Artificial pancreas at a glance

' r b
1 CGM sensor 2 CGM receiver

Continuous glucose monitoring (SGM) CGEM receiver displays the updated
sansor is inserted under the skin to readings as graphs and trends
continuously measure glucose minute-by-minute, and translates

concentrations in the patient's cells the readings from WSE to Bluetooth

4 Insulin pu

The CAD cnm tesg Wi

w-::rn lnslﬁ@u mip th atm-all:.r
th

@ t II"J!:-LJ|II"I dose via
undaf thie skin

Insulinn

B

Control algorithm
device (CAD)

Feadings are sent 1o a control algorithm
devica (CAD) - eg a smariphone, tablet or PC
= where an algorithm analyses them and

calculates the correct insulin dose, if required




Prospettive future

* Impatto clinico di eAlc (o GMI) vs HbAlc = 0\6\ \a\\")@

e Definizione, identificazione e gestlonee@lé?f@eﬁftlpl glicatori
@\3 &°
* Nuovi sistemi di mlsurazg@ﬁ?\gg\mgi%swa della glicemia
' \(\'3
* Ruolo predlttlvg d&ﬁa(;aﬁa%lllta glicemica da CGM
2P
. Slstergbtﬁqgéwzmne del’andamento glicemico in AP
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