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Key messages of the talk
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Glycemic targets are not limited to HbA1c because t;h‘é’ @ﬁer does
not describe fasting, pre-prandial, post- prandlal glucose and

neither plasma glucose excursions with meaks‘b L.@}@t e glycemic
phenotype, which should be the guide fo(gcfreafment decisions

\\’b \Q?}
HbA1c does not unveil post- pran@@?f Qe‘aks hypoglycemia and
glucose variability, which havgdo gn"oassomated to a poorer outcome

)
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HbA1c is not always th%%{@‘\due to high/low Hb susceptibility to
glycation, certain cmﬁg@l&condltlons or analytical problems
(O e(‘?
\
SMBG prmgé‘etgoﬁ?formatlon on daily glycemic profile and help to
reach ag&\ mgfihtain a better glycemic control
S

SMBG seems to be associated to a better outcome
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Question: Would you recommend SMBG or. Wf)uld
you be satisfied with just HbA1c in th@ee\ﬁge of

Mr. John? N
Man @

Age 61 yr >

Diagnosed at 59 yr &

HbA1c m%‘

\ S
R

Ta‘R?ng metformin 1000 mg at breakfast and dinner and
Pioglitazone 30 mg at lunch



Glycemic phenotype in T2DM: fair contrgF
very good pre-prandial, post- prandlaw’gaks

‘Q'\’b \\’0
John, man, age 61, HbA1c 7.4% NN

2 A\
Time of the day x& €’

Day of the month
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Frequency distribution of change in plasma glucgse
(lab assessment) following breakfast and lunchgn 371
non-insulin-treated outpatients with T2D

(Bonora et al - Diabetes Care 24: 2023, 20(&@)\"’.@\\%’
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Mean percentage glucose excursion after meals

. . \
according to mean pre-prandial gluc0§é?°1evels
(Bonora et al - Diabetologia 49: 846, 200e6>)0\’3o \\’b‘\
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. . <
Frequency of postprandial peaks in T2DM
(Bonora et al - Diabetologia 49:846, 20006) e\p\o
40 - '
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T HbA1c <7%
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three meals). Nine meals monitored. Peak=increase with meal >40 mg/dl.



Glycemic phenotypes to guide treatment

\!
(Bonora et al - Diabetologia 49: 846, 2006) 6%
2

AN
. . RO
- Mean Pre-prandle.ll. goo$J=<110, fair=110-160; po?rz,lél‘) & n=3.284
Mean Post-prandial: satisfactory=<40; exagger\a&tgt&zfg@@g/dl
. e{’b '\6{&
OQ\ e,b(‘)
30- W&o Need
() N~ insulin sensitizer
Need secretagogu %ﬁd’
or acarbose (2

o 20- Need 2-3 OHA
o> and/or insulin

\

>

&
N
Pre-prana\lal Good Good Fair Fair Poor Poor

Post-prandial Satisf. Exagg. Satisf. Exagg. Satisf. Exagg.
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Post-prandial glucose and CVD in '[OZﬁeM

(Cavalot et al - Diabetes Care 34: 2237, 2011) \Oe"ofﬁx
N

HR (95%Cl P value
Ny

HbA1c >7% 1.732 1.187-2.526 0.004

Post-lunch glucose

>180 mg/d| 1.452 1.057-1.994 0.021

©)

R
N=505; gge 62 yr, duration 9 yr, follow-up 14 yr; multivariate model including many
potential confounding factors



Cardiovascular risk reduction by acarbose igﬂf‘ZDM
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Effect of acarbose on the incidence of CVQ A IGT
(STOP-NIDDM; Chiasson et al - JAMA 290: 486, %@9%
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Blood glucose

B CEINER Lunch Dinner



F1+2 (nmol/l)

Prothrombin fragments (F1 + 2) variations
during OGTT in normal and T2DM su@y@cts

(Ceriello et al - Diabetes 44: 924, 1995) O\’b ,b\\’b
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Linear correlation between mean amplitude of glycegic
excursions (MAGE) and 24-hour urinary excretioqdéﬁ’tes of
8-Iso prostaglandin F2a (PGF2a) a marker of o%d?a)%nt stress

O ™
(Monnier et al - JAMA 295: 1681, 200%6\ iy
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Endothelium-dependent flow-mediated brachial gkfery
vasodilation in the post-prandial state in HBM
(Shige et al - Am J Cardiol 84:1272, 199919\’0“ @

’c) A\
’b\\&\&\’b@
- \\— .&@
o OQ\ (o)
= oF (@
c = \\’b .Q@
5 ® ’@% o
3 3 béater was the postprandial
) 5 ~
SH0 o %&%ase in plasma glucose, the
29 \e‘%maller was the postprandial change
% = in flow-mediated vasodilation
® G (r = —0.84, p<0.05)
£
; ~
@)
L

Ultrasound technique



Glycemic phenotype in T2DM: good controbl‘?("?)
with some peak and hypoglycem \°
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B.V., man, age 56, HbA1c 7.0% (@6\ 6\&‘
Time of the day x@ €

Day of the month
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Subjects (%)

VADT - Hypoglycemic episodes ,<®

\O®
O

Documented Severes 'é\e;\
90 - <50 mg/d hypOge®




VADT - Predictors of CVD Death

Variable Hazard P

Ratio Value

Prior CVD event 3.116 0.0001

Age (per 10 yr) 2.090 <.0001

HDL (per 10 mg) 0.699 0.0079

Baseline HbA1c 1.213 0.0150

per 1%

Severe Hypoglycemia 4.042 0.0076




Association of hypoglycemia and rapid hyperglxe@mla
with cardiac ischemia in T2DM. A study bas@ﬁ’ upon
continuous glucose and ECG monkté’rmg

(Desouza et al -

Diabetes Care 26: 1485 8

W@ @
D N
.n{fb\& '\6i&fb
N
. Episgitegefith | Episodes with ECG
el el N ,brgi@b?’pain abnormalities
. 0\" ‘\‘7
Hypoglycemia o4 ,be,&é@‘?o’bb 10 6
Asymptomatic 289\0001\(,/“9‘Q - 2
. Q. XM
Symptomatic 6?&&20(\% 10 4
Normoglycemia |, @@\66\0 - 0 0
. ©F (\’b\'
Hyperglycemléa\@QA&\‘» 59 1 0
PP\
Glucose | 2ase 50 9 5

>100 m8'in 1 h




Glycemic phenotype in T2DM: poor cont,rﬁl
with glucose instability (high CV of FPG@ﬁd PPG)

‘ 0’\’0 \"b\\fb
T.A., man, age 62, HbA1c 8.2% RSP
Time of the day @ (o€

Day of the month

OO.

%




Stable vs. unstable glucose levels with tbae

same mean blood glucose valug\o“’o‘

(Derr et al — Diabetes Care 26: 2728, 2003g\g\® \\’b
‘3\
A e
A p@lzbenm?h stable glucose levels
@’4?9 mg/dl; SD 20 mg/dl)
Q€
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A patient with unstable glucose
levels
(MBG 121 mg/dl; SD 61 mg/dl)
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Frequency distribution of coefficient of variation (91\7) of

pre-prandial blood glucose in untreate@\o""

newly-diagnosed T2DM o\’b ,&,b\\’b
- \
40 (Bonora et al - unpublished data) @5\5
-@\‘% n=264
3
RO | | | | ‘ | '
o<1 11-15 16-20 21-25 26-30 >30

oS
S CV (%)

Six home blood glucose readings per day for 5 days (before and 2 h after the 3 meals).



Frequency distribution of coefficient of variation (QV) of
post-prandial blood glucose in untreatee®

. e X
newly-diagnosed T2DM o 5
407 (Bonora et al - unpublished data) @ @5,\5\
*° i
& n=264
30 -
2 20
10 -
O— . : ! T ; -
& <3¢  11-15 16-20 21-25 26-30 >30

S CV (%)

Six home blood glucose readings per day for 5 days (before and 2 h after the 3 meals).



Mean CV of blood glucose according to HbA;!t?m
untreated newly-diagnosed T2DNL\°"°
(Bonora et al - unpublished data)

X o
6\0\ 6(@\\

A\
407  ®HbAlc <7% "o n=264

357 ®HbA1c =7%

AGA

Preprandial Postprandial

Six home blood glucose readings per day for 5 days (before and 2 h after the 3 meals).



Repetitive fluctuations in blood glucose enhance monogyte

adhesion to the endothelium of thoracic aorta in diabgikc rats
(Azuma et al - ATVB 26: 2275, 2006) \06&0\

. “ .

B\

AL= ad libitum food and
stable hyperglycemia

VC= periodical food and
intermittent hyperglycemia

Blood Glucose(mg/dl

PZ= ad libitum food but

normoglycemia by phlorizin
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Survival probability

Cardiovascular mortality in elderly patients with
T2DM stratified according to the "

variability of fasting plasma glucose (G¥:FPG)
(Verona Diabetes Study; Muggeo et al - Circulation 96 1.)@8,1997)
AN

1 7 ) \\? \\’b@
0.95-
0.9 <11.2%
11.2-18.4%
0.85"
0.8
0.75" ¢ >18.4%
SN
%\@Q I | | | |
0 1 2 3 4 5

follow-up (years)



HbA1c and fasting glucose variability as predlctow of

CVD in T2DM \o%
(Verona Diabetes Complications Study; Bonora et al - unpubln@h"ed -gata)
ORS 8%
o
Sex (Myvs F) \’\? g@ 0.047
Age (per year) R (\Q?}e?ﬂ .05 <0.001
Smoking (yes vs. no) ee}\)’@’bé\" 1.34 <0.001
Hypertension (yes vs. no) @"':\Q@% 1.24 0.003
LDL cholesterol ( per1O go i 1.05 0.011
(\
Mean HoA1c dyged, gdﬂ%w -Up (per 1%) 123  <0.001
CV-FPG clgdarﬁgO #fow- -up (per 10%) 1.20 0.030
c‘—e}

n=1 O%@O?’ollo@ up= 52 = 19 months; diabetes duration= 9+7 years

N
CVD0 CVD death, non-fatal AMI and stroke, angina pectoris, carotid or lower limb

severe atherosclerosis
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Glycemic phenotype in insulin-treated TZIQWI
The “high glycator” patient Q&O\O

52
M.M., woman, age 48, HbA1c 8.9% W @

(e A\
Time of the day x& €’

N\

Day of the month

OO.
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Glycemic phenotype in insulin-treated TZIQWI
The “low glycator” patient \)e\,o\"

e
A.G., woman, age 57, HbA1c 7.6% W @

(e A\
Time of the day x& €’

W

Day of the month
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Relationship between e
HbA1c and mean blood |
glucose is affected by e

individual susceptibility

to glycation of Hb High HGI
(DCCT,; McCarter et al - - e
Diabetes Care 27: 1259, 2004) S

RIS
Q)()(\O \¢ - P Moderate
o - HGI

©F o
Hemoglobi@@ﬂlgaf?on Index (HGI) = BT g Low HGI
Observ%o‘D\_ Peadicted HbA1c level T e

Sy

MBG (mmol/l)



Individual
susceptibility to
glycation of Hb

predicts
microangiopathy
in T1DM

(DCCT; McCarter et al -
Diabetes Care 27: 1259, 2004)

\Z Q
Hemoglobin Glyeati@? Index (HGI) =

Observed ~cPreditied HbA1c level
S
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Individual
susceptibility to
glycation of Hb

predicts
microangiopathy in
T1DM irrespective of

mean blood glucose K

(DCCT: McCarter et al O

Diabetes Care 27: 1259, 20049 o

<& S
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Hemoglobin Glyeati@? Index (HGI) =

Observed ~cPreditied HbA1c level
S

High MBG

HGI Group
High
Moderate
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Clinical conditions increasing HQA1c

\\)
o
S &

hemoglobinopathies (HbF; thalassemia) 6&\’?@\?’

. . . ° @7
nigh triglycerides & @\\’0

" ngn " 0
nigh bilirubin ?}\\,b‘v.

_ SO\
nigh WBC & 2°

alcoholism Q,o° \&"
drugs (op|0|dsb,e>h|cgh dose salicilates)
6
kidney fag&?r\@ uremia)
9(0 &

splgﬁecfbmy
aging



Clinical conditions reducing Hh/1c
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Standardization of HbA1c measuremgglt:
still a problem & o\%\

[rim bzl ia
[T 0@k 1 OeF T il 2 SRl F -0 T RS-7

A28 N> L\ \ \

CONSENSUS STATEMEINT

Consensus statement on the worldwide srancdaraisation
of the Hb Ay, measurement

The American Diabetes Association, European Associatwvia e the Study ol Diabe tes,
International Federation of Clinical Chemistry aoa Lasowaersoory Medicine,
and the International Diabetes Federation

Clon s eresuns O o s rl 0 lee

Place: UK @5@‘&@0
Year: 20032 53%*
Partlc \@%13@@ Aboratories: 251

‘edmple issue to labs: HbA1c 6.5%
<P@K?ormance In various labs: HbA1c ranging 5.8 — 7.2
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Glycemic targets are not limited to HbA1c because, th‘e lg@ter does
not describe fasting, pre-prandial, post- prandlalﬁmg %\ glucose and
neither plasma glucose excursions with mealsb L@.\\?t e glycemic
phenotype, which should be the guide fogc,ﬁ'eaﬁnent decisions
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HbA1c does not unveil post- pran@ﬁ?f @éaks hypoglycemia and
glucose variability, which havgeb gﬂ"oassomated to a poorer outcome

)
o e
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SMBG prow@‘egqﬁ?formatlon on daily glycemic profile and help to
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¥

SMBG seems to be associated to a better outcome
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Effect of SMBG on HbA1c in T2DM - A RGT

(Davidson et al - Am J Med 118: 422, 2005) \o"o\

xO
R
,06\0\.\ \@\\
CJ
No SMBG 0BG
0 'Q; ;\,6\ D
— o o?
S N
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=) 4 \Q
D 0.50 © .0
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N=89, age 50 yr, duration 5.5 yr, HbA1c 8.5%, follow-up 6 months



Effect of SMBG in newly diagnosed 8\%;2@‘
non-insulin-treated T2DM — A RGF

0’06 &>
N> . @
No SMBG MBS

0 60(}"@#_
Py \\’b .Qe(
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= 0.50- RS
S el (2%
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3 T \e
S 1.00- g
D 1 e 6\
o 1.50- AR

©F @
28 O
N
2.00 o P=NS
S

N=184, age 58 yr, HbA1c 8.7%, follow-up 12 months



Impact of SMBG in non-insulin treated T2DM

A RCT S
(DIGEM Study; Farmer et al — BMJ 335: 7611 2%@3*3 3
6(&
Less intense (o I@éYe intense
No SMBG SMBG (,b\’é(\@\\ SMBG
0 choze,b%\
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S @ g
= e ¢
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o 1 Qo\
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0.20 6@?’ Qe@ Differences among groups=NS
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N=453, age 66 yr, HbA1c 7.5%, follow-up 12 months



Effect of SMBG on HbA1c in non-insulin-trested

\!
T2DM - A RCT o
(ASIA Study; Guerci et al — Diabet Metabol 29: 587 .’&@8 N
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D A
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N=620, age 61 yr, duration 7.8 yr, HbA1c 9.0%, follow-up 6 months



Effect of SMBG in T2DM treated with a gliclezide
modified release-based regimen — AOR?‘T

2

(Dinamic 1 Study; Barnett et al — Diab Obes I\/Ietabg\@\"?\%é%QQOOS)
.6\

2 @

No SMBG > SNBG

0.30 - & P

- N
0.60 QS

HbA1c reduction (%)

0.90- X% &7

120488 & P=0.026
Sy

N=519, age 56 yr, duration 2.8 yr, HbA1c 8.1%, follow-up 6 months



Effect of SMBG on HbA1c in newly-diagngséd

2
T2DM - A RCT 5900
(St Carlos Study; Duran et al — J Diabet 2: 203, 2Q89) o~
P\ '\fb\
./b(\ﬁ @é\b\
No SMBG _&Vge
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N=161, HbA1c 6.6%, follow-up 12 months



Effect of SMBG in T2DM |
A synopsis of meta-analyses of &@Ts

Welschen — Diab Care 2005

Sarol — Curr Med Res Opin 2005
Jansen — Curr Med Res Opin 2006
Towfigh — Am J Manag Care 2008
Poolsup — Diab Techn Therap 2008
Allemann — Curr iMled Res Opin 2009
Mclntosh -- Op<in Med 2010

St Johi — J Diab Compl 2010

Clar — Health Techn Assess 2010

1c reduction
(%) with SMBG

-0.39 (-0.56,
-0.54,
-0.70,

-0.39
-0.40

-0.24
-0.31

-0.34,
-0.44,
-0.25 (-0.36,
-0.22 (-0.34,
-0.21 (-0.31,

(
(
-0.21 (-0.38,
(
(

Q@‘




HbA1c reduction (%)

Effect of SMBG on HbA1c in T2DM __<¢

= . \
A systematic review and meta-analysfs
(Poolsup et al — Diab Techn Therap 10: S51, 208@‘? é\@.{&
058

All subjects

No therapy
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o @qehera py
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0.20 4x

2
0.25-

>
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Effect of SMBG and intensive educationrdn
non-insulin-treated T2DM — A Pilot RCT

(ROSES Study; Franciosi et al — Diabet Med 28: 78%99"0,119
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N=62, age 49 yr, duration 3.4 yr, HbA1c 7.9%, follow-up 6 months



Effect of structured SMBG in poorly cont(oﬂ‘ed
non-insulin treated T2DM — A RCQSO""

(Polonsky et al — Diabetes Care 34: 262, 201@@ \\@
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N=483, age 56 yr, HbA1c 8.9%, follow-up 12 months, cluster randomized



Effect of enhanced SMBG (weekly visits at the
clinic with data review) on HbA1c in TZDM\‘:A RCT

(Pimazoni-Netto et al — Diab Techn Ther 2011 .\fp"\\@.\
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N=63, age 56 yr, duration 12 yr, HbA1c 10.3%, follow-up 3 months; OAD = insulin



Effect of more or less intensive SMB%}?@‘
on HbA1c in T2DM - ARCT .o

(Bonomo et al — Diab Res Clin Pract 87: 246, 2‘06\6??\\5.{&
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N=273, age 63 yr, duration 10 yr, HbA1c 8.0%, follow-up 6 months



Effect of less or more frequent SMBG on HixA1c
in non-insulin-treated T2DM - A RQ‘F’

(Scherbaum et al — PLoS One 3: 3087, 200%@ \\fa
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N=202, age 61 yr, duration 7.8 yr, HbA1c 7.2%, follow-up 6 months; OAD = insulin



Effect of less or more intense SMBG initiatiaﬁ on
4-yr HbA1c change in 16,901 T2DM a;\i:énts

(Karter et al — Diabetes Care 29: 1757, 200%\® \\’a
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Initiation of strips/day

Models adjugped for age, sex, insulin injection frequency (insulin model only), comorbidity index, oral medication refill
adherence (OHA model only), appointment keeping, inpatient and outpatient utilization, smoking status, type of primary
care provider, socioeconomic status indicators, timing of A1C test, and baseline A1C.



Reasonable strategy of glucose monltormb
in uncontrolled and/or msulm-tregt@%l
T2DM - 12 Strips per WerD i
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Acceptable strategy of glucose monltorm"g
in well controlled and SU-treatezd\

T2DM - Six Strips per We@R 6@\\
@°
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Sustainable strategy of glucose R
monitoring in well controlled and no Slelafteated
T2DM - 6 Strips per Mon \\’b
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Glucose readings in 50 consecutive <¢

Type 2 diabetic patients ?}o\oi
o
| \@%@@‘F patients
Before breakfast C\Og,\@’f':‘as\&o 90
After breakfast ) 0@?}:’: S 17
Before lunch n@@f;@%@v 35
After lunch mo%:)\;@@‘ J 69
Before dlnngr ;00 3 58
After dmhgn\ 41
0\"”Q =

Not bad!




Glucose readings in 50 consecutive ¢

Type 2 diabetic patients 6\9\0?
0\’50 e
&%\@@‘)\feadmgs
Before breakfast (‘Oé\@("fa‘o\&& 83
After breakfast “@?}:ﬁ;ﬂ'\“@w 0.9
Before lunch A@e%@%’bv 2.7
After lunch ¢o‘3’3§\’°\?’7 1.4
Before dlnngrA(s\o“’ 7.9
After dlpﬁe@ 4.1
)

0

Regdlngs exactly as requested: 3% of patients!
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» Glycemic targets are not limited to HbA1c because th’e @ﬁer does
not describe fasting, pre-prandial, post- prandlal?ptg % glucose and
neither plasma glucose excursions with meals?* l,@\.\?t e glycemic
phenotype, which should be the guide focgcﬁ'eaﬁnent decisions

\\’b \Qe‘

» HbA1c does not unveil post- pran@@?f @éaks hypoglycemia and

glucose variabllity, which havgeb gﬂ"oassomated to a poorer outcome

Key messages of the talk

» HDbA1c is not always Qi\i‘é%{e‘\due to high/low Hb susceptibility to
glycation, certain qmﬂg@l&condltlons or analytical problems
’b(b QQ/(C)
» SMBG prowd‘egoﬁ%rmatlon on daily glycemic profile and help to
reach %gé‘\ nm"mtaln a better glycemic control
¥
~ SMBG seems to be associated to a better outcome



Survival without nonfatal and fatal endpoints in gewly
diagnosed T2DM according to SMBGOKO@’”

- - _ - - - )X
(ROSSO Study; Martin et al - Diabetologia 49: 271 ,,\g{%)
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Fatal and nonfatal cumulative incidence accagding
to SMBG in newly-diagnosed T2DM¢”

(ROSSO Study; Martin et al - Diabetologia 49: 271 2\@9%{@6

6\ \e}
@‘9
Non-insulin-treated subjects ) .@\\%
Nonfatal: -30% (p=0.001) L O
Fatal: -40% (p=0.011) .~

P<0.001
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Cumulative incidence of myocardial infarction and ghroke
according to SMBG in newly-diagnosed T2BN

O
(ROSSO Study; Martin et al — Diab Techn Therap 11: 2%@&7)%9\)
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Cost impact of SMBG on diabetes complications

: &
in T2DM o
(ROSSO Study; Weber et al - Swiss Med Wkly 137: 548 2807)
CHF M.

° A
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N=1,626, age 61 OHA only OHA + insulin
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Conclusions (1) o
A\O
e‘o o
Study results vary and not few of them do not uhp?)@ﬁ{ba benefit of
regular SMBG on HbA1c, especially in non,glﬂ%g},@ treated type 2
diabetic subjects. 2 6\6’@
s°° g
A benefit was mainly observed in \ge%lyéﬁlagnosed patients, poorly-
controlled patients, Complleaﬂef sgpatients, subjects who can
efficaciously modify the thegaﬁg‘sx‘?‘
(\’é

In order to have %z, @beneflt SMBG should be done in an
appropriate Wa%q(@st\@?ctured testing”), after a specific training and
with a frequ Q@ﬁl back with health care professmnals measuring
without rgﬂ%’g@g when necessary (“active control”) is meaningless

and %@?%ost >effective.
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e‘o\??

Although in many subjects a clear benefit in terms@@?&l-z;thc might
not be expected, still SMBG is crucial to detegete@ygébglycemia, to
identify post-prandial peaks, to appreciate@:}t@@se variability, to
understand the impact of foods and ex%cysfgg n glycemia, to verify
the efficacy of anti-diabetic @m&g\@‘,e to promptly unveil
decompensation during intercugshiydliness or stress, to have

patients more responsible angqﬁggtia&%pating In diabetes care.
O

Conclusions (2)

O 2
SMBG is also man &gﬁ%en HbA1c assessment is unreliable
(analytical problews?:\oaa?ticular conditions) or in subjects with a
dissociation bﬂg&gw%’bgﬂ“glycemia and HbA1c (high or low “glycators™).
N
The co "?)fblba%% post-prandial glucose is among glycemic goals
includ@% in standard of care recommended by IDF, ADA and many
other national diabetes societies. Therefore......



Question: HbA1c, SMBG or both@
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EBM = Evidence Based Medicine or
: Enzo Bonora Medicine



The end Q<
Thank you so much

Verona, Italy
The Opera at the Roman Arena



