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Multi-organ & Tissue Physiology of Type 2 Diabetes

l Satiety

(o3
< X
7 N \

,I, Glucose uptake ,a\\'? %uoi@e&e%esis
PN

.

Pancreas

—

/’

\I; Insulin secretion

ej\@ﬂammatory
cytokines T Glucagon secretion

T Gluconeogenesis
.l, GLP-1 secretion

T Glucose reabsorption Intestine

DeFronzo RA, Diabetes. 2009:58:773—795




Form follows function -.. sutiivan, 1896
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CKD DEFINITION & CLASSIFICATION

CKD is defined as either the presence of kidiey
damage or GFR less than 60 mL/min/1.73 m? for
three or more months

CKD is classified based“on ‘tause, GFR category,
and albuminuriacategory

http://www.kidney-international.org



Primary & Systemic Causes of CKD

Glomerular diseases

Vascular diseases

Tubulointerstitial diseases

Cystic and other congenital

Examples of primary kidney diseases ¢ 6 \@%?ases affecting the kidney

Diffuse, focal or crescentic proliferative glomerulonephritis; Q@slty i t@o ic syndrome and diabetes, systemic autoimmune
focal and segmental glomerulosclerosis, mer‘nbrano%\)\a d|s
nephropathy, and minimal change disease

ANCA-associated renal limited Vasuh\sw‘el Hypertension, atherosclerosis, ischaemia, cholesterol emboli,

fibromuscular dysplasia
0 e

ystemic infections, drugs, complement diseases, and
&')géplasms and haemopoietic diseases

systemic vasculitis, thrombotic microangiopathy, and systemic
sclerosis

Urinary-tract mf“?&ton @ obstructlon Systemic infections, sarcoidosis, drugs, urate, environmental
6 O(\G toxins (eg, lead, aristolochic acid), and neoplasia (myeloma)

Rena{@s@lam @,‘&cci?\llary cystic disease, and Autosomal-dominant polycystic kidney disease, Alport syndrome,

diseases Q(e@%qr%])‘ﬁhles and Fabry disease

ANCA= antlneutrob@\’&)ﬂaplaskuﬁnbody

Lancet 2013; 382: 158-69



RISK™ STRATIFICATION in CKD

*CKD progression, morbidity and mortality

Diagnosis

NKF Guidelines, Am J Kidney Dis 43 (Suppl 1):S1-5290, 2004



Risk Factors for CKD Progression,
Morbidity and Mortality

Outcome

_|_

Footnotes:

b) Concurrent complications include hypertension, anemia, malnutrition, bone disease, neuropathy, and
decreased quality of life.

NKF Guidelines, Am J Kidney Dis 43 (Suppl 1):S1-5290, 2004
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GFR categories (meﬂiﬁ?

Description an

KDIGO 2012

Risk for CKD progression, morbidity and mortality
by GFR and Albuminuria Categories

Mildly to moderately
decreased

n Severely decreased 15-29
ﬂ Kidney failure

Persistent albuminuria cat

erie
Description an 6‘4@?

<30 mg/g
<3 mg/mmol

o, v,
S
N&ﬁl% ‘\ e( Moderately Severely
eq”Cre E&O( increased increased
» a

e9

30-300 mg/g >300 mg/g
3-30 mg/mmol >30 mg/mmol



QUICK TOOLS

CKD-EPI vs. MDRD Study Equations
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Ann Intern Med 2009; 150(9): 604-612



Meta-analysis of NRI on major
survival outcomes in the general population

CKD-EPI vs. MDRD Study Equations

\\6 3 d\\@
All-cause mortality Cardiovascular mortahty \\, @(énd stage renal disease
No. of Favors | Favors No. of Favors | Favors 6\@\& Favors | Favors
Cohorts MDRD | CKD-EPI Cohorts MDRD | CKD- EP% 5\ Cohorts MDRD | CKD-EPI
Overall 23 —-— 18 .a\\a —elfe 6 5 —
Sex \.a N\
Female 22 - 1? Gd\) . 50(\—-— 5 —_—
Male 23 —-— G 3\ — 5 —
Race_/ethnicity 0?\\1 (eg
White 15 — P‘ Q —_— 3 ——
Black 5 L 3 —a— 2 —a—
Asian 10 _?\._CJO \(\'a —- 2
Age, y g
<65 20 —NBP\ e ot 15 — 5 _—
>65 21 0% m o0 18 - 5 —f—
Diabetes 6(6\ \‘e )
No 28 o0 \d —-— 18 —a— 5 ——
Yes 23\ S - 17 - 3 e
Hypertension s\ .
No 06\.\ % (\Ge —— 18 2 g
Yes-\aQ ? (%) - 18 —m— 3 —a—
-0.1 0 0.1 0.2 -0.1 0 0.1 0.2 -0.1 0 0.1 0.2
NRI (95% CI) NRI (95% ClI) NRI (95% Cl)

JAMA 2012; 307(18): 1941-1951



HOWEVER ...

CKD-EPI vs. MDRD Equations in the
Diabetes-Patienten-Verlaufsdokumentation (DPV) Study

n=453,380

Subjects with diabetes
in DPV (09/16):

n=426,212

Type 1 diabetes or
type 2 diabetes:

Patients aged
=18 years:

n=372,576 ~»C
" \\D\?‘

&0

¥

eQ@eas&@ nd es;’mated

ailable:

n=24516

Entire study cohort

Type 1 diabetes:
n=2,222

Type 2 diabetes:

n=22,294

Strata of GFR
GFR 290 ml/min/ 1 73
GFR 60-<90 ml/

ED years
60—<70 years
270 years

Gender
Male
Female

BMI groups
BMI < 25

25 <BMI < 30
BMI = 30

Hypertension
Yes
No

Microalbuminuria
Yes
No

Journal of Diabetes and Its Complications 31 (2017) 1376-1383




CKD & DIABETES

Implications on Metabolic Control

Accuracy and precision of Alc measurement declines with advanced CKD (G4-G5), particularly
among patients treated by dialysis, in whom Alc measurements have low reliability




Novel subgroups of adult-onset diabetes and their association
with outcomes: a data-driven cluster analysis of six va;mbles

Emma Ahlquist, Petter Storm, Annemari Kdrdjimdki*, Mats Martinell*, Mozhgan Dorkhan, Annelie Carlsson, lgt&@( @k’}ishmePrasad

Dina Mansour Aly, Peter Aimgren, Ylva Wessman, Nael Shaat, Peter Spégel, Hindrik Mulder, Eero Lindho &% T, Ola Hansson,
UIf Malmquist, Ake Lernmark, Kaj Lahti, Tom Forsén, Tiinamaija Tuomi, Anders H Rosengren, Len‘g\@o 6\\'a

Lancet Diabetes Endocrinol 2018

§£\¢B g@&‘ere autoimmune dlabetes

L

MOD=mild obesity-related diabetes
MARD=mild age-related diabetes.
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ATime to CKD >G3b
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CKD PREVALENCE: A GLOBAL PERSPECTIVE
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Estimated total number of adults (20-79 years) with
diabetes in 2019

EZ5 700 million ¢ 51%

EED 578 million increase
463 million

O %

IDF Atlas 9t Ed. 2019

00 thousand -<1 million

1-<10 million
B 10-<20 million
M >20 million
. No estimates made



Incidence rate of ESRD (2002-2015)
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Diabetologia (2019) 62:3-16




All-cause mortality trends (1985-2015)
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Lancet Diabetes Endocrinology 2018, 6(5):392-403







CKD
in VULNERABLE POPULATIONS (ij

» Acute Coronary Syndrome



The VASD OUTCOME Study

The Verona Acute Coronary Syndrome & Stroke in Diabetes Outcome.Study

OBIETTIVO

Stimare la prevalenza di‘diabete mellito e verificarne
I’associazione ceii sopravvivenza intra-ospedaliera,
complicanze intra-ospedaliere e durata di degenza

tn'un’ampia coorte di pazienti ricoverati in
Unita di Terapia Intensiva Coronarica (UCIC)

Dauriz M et al. — ADA 2019



MATERIALI E METODI

SOGGETTI: Tutti i pazienti con accesso primario presso I"'UCIC
dell’AOUI di Verona dal 1/01/2015 al 31/12/203.6
(N,,, = 1,017)

DATI: - Dati demografici, clinici e-antropometrici
- Fattori di rischio cardiovascolare in anamnesi

- Anaminesi farmacologica

DEFINIZIONE dei casi di DIABETE

Diabete noto:

Precedente diagnosi
Terapia ipoglicemizzante all’ingresso

Dauriz M et al. — ADA 2019



Prevalence of Diabetes in ICCU

35 T
27.2%
N, =1,0%7
— 20.1%
X 20 - ]
- \
Q
g [0 Diabetes (ALL, N=277)
Q @ Known diabetes (n=205)
§ B De novo diabetes (n=72)
Q
0.c 10 -
7.1%
0

Dauriz M et al. — ADA 2019



Study Cohort (v, =1,017)

Patients WITH Patients WITHOUT
) ) P-yvalue
diabetes (N,,,=277) diabetes (N,,,=740)
N, % males 181 (65.3%) 496 (67.0%; 0.654
Age, years 72.7+11.6 (Y A | <0.001

Overall C e
BMI, Kg/m? 27.6+4.6 i % NCS & <0.001
Systolic blood pressure, mmHg 141.6 + 37N omerbid diabetes 0.11
é, . e

Plasma glucose at ICCU admittance, mg/dL.  220.0\#'9¢ 60(\\‘ <0.001
HbA,_, mmol/mol 65.3 £21. 58.8% <0.001
Smoking, ever/never (%) 40.4% 51.2% 0.003

Total cholesterol, mg/dL 146 + 44 168 + 44 <0.001
LDL-C, mg/dL 74 £ 37 97+ 38 <0.001
HDL-C, mg/dL 43 £ 13 46 + 14 <0.001
Triglycerigies, mg/dy 148 £ 132 121 £ 66 <0.001
Creatinine, mg/dL 1.62+1.3 1.12 £+ 0.82 <0.001
eGFRy;nen <60 ML/min/1.73 m?2 % 58.8% 30.5% <0.001
Lipid-lowering meds, % 53.6% 26.1% <0.001

Data presented as median [IQR] or as percentage

Dauriz M et al. — ADA 2019



In-hospital Mortality

Cumulative incidence rate (%)

10

U
PEa——

<0.009

3.6

o All (N=1,017)
B Non-Diabetes (n=740)
[ Diabetes (n=277)

Dauriz M et al. — ADA 2019



In-hospital Mortality

Crude-OR (95% C.l.) P-value

Diabetes status
(yes vs. no)

2.17 (1.20-3.90) 0.01

Dauriz M et al. — ADA 2019



CKD
in VULNERABLE POPULATIONS (i)

» Cerebrovascular Accidents



Prevalence of Diabetes in Stroke Unit

30
20.6% N, =937
—
8 16%
c [\ [ Diabetes (n=193)
% @ Known diabetes (n=150)
(?? B De novo diabetes (n=43)
&
- %0 -
CL,
4.6%
0 L

Dauriz M et al. — unpublished



Study Cohort (v,,-937)

Patients WITH Patients WITHOUT

diabetes (N,,,=193) diabetes (N,,=744) P‘-'value

Male, % 114 (59.1) 367 (49.3) 0.019
Age, years 75.5110.1 73.1£1.2 0.03
BMI, Kg/m? 27.915.3 Overall \O <0.001
Systolic blood pressure, mmHg 16933 in ct CVA & 0.003
Hypertension on treatment, % IYAVER) \o “tomerbid diabetes 0.005
Plasma glucose at SU admittance, mg/dL 167.5168.5 o <0.001
HbA,_ mmol/mol 53.9%22.5 37'7 A <0.001
Smoking, ever/never (%) 28 (23.5) 129 (26.9) 0.487
Total cholesterol, mg/dL 159+46 175+41 <0.001
LDL-C, mg/dL 84139 100+36 <0.001
HDL-C, mg/dL 46%15 52+15 <0.001
Triglycericies, mg/di 140+66 113451 <0.001
Uric acid, mg/dL 5.3+1.8 4.9%+1.6 0.036
Creatinine, mg/dL 1.2+0.98 0.96%0.52 <0.001
eGFRy,ppp <60 ML/min/1.73 m2, % 72 (37.7) 168 (23.0) <0.001
Lipid-lowering medications, % 82 (44.1) IYAVEWA <0.001

Dauriz M et al. — unpublished Data presented as mean +SD or as percentage
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in VULNERABLE POPULATIONS (i)

> Heart Failure



THE JOURNAL OF CLINICAL AND APPLIED RESEARCH AND EDUCATION

Association Between Diabetes and
1-Year Adverse Clinical Outcomes
in a Multinational Cohort of
Ambulatory Patients With Chronic
Heart Failure: Results From the
ESC-HFA Heart Failure
Long-Term Registry

DOI: 10.2337/dc16-2016

WWW.DIABETES.ORG/DIABETESCARE
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One-year incidence rates of long-term adverse outcomes in CHF
outpatients from the EORP-HF Long-Term Registry.

Cumulative incidence rate (%)

10 A

B T2D patients (N=3,440) P <0.001

@ non-T2D patients (N=5,988) 555

P <0.001

n=433

324

475

- 1

l-year all-cause 1-year CVD 1l-year HF
death death hospitalization

Diabetes Prevalence

OVERALL: 36.5% (n=3,440)

Known DM: 80.9%
(n=2,782)

Previously unknown DM: 19.1%
(n =658)

Dauriz M. et al., Diabetes Care 2017; 40(5)



Table 1—Baseline demographic, clinical and biochemical characteristics of outpatients with CHF, enrolled in the ESC-HFA
Heart Failure Long-Term Registry, stratified by diabetes status

Patients with diabetes Patients without diabetes
N/N (n = 3,440) (n = 5,988) P value
Male sex (%) 3,440/5,988 74.7 69.7 <<0.001
Age (years) 3,440/5,988 67.1 = 10.9 63.7 * 14.4 <<0.001

Caucasian Ethnicity (%) 3,300/5,654 95.3
Creatinine (mg/dL) 3,202/5,335 1.2 (0.9-1.5) Overall CKD prevalencd-

min > 0 in subjects witbmW&

comorb’t{sleé) abetes

NT-proBNP (pg/dL) 1,194/1,970 1,324 (546-3,470)
LVEF (%) 2,969/5,099 37.1 + 13.1
LVEF =>45% (%) 2,969/5,099 22.6

NYHA functional class (%) 3,433/5,970

Class | 13. 'é\\a

Class |

Class Ill e@\)\'zs (\\le

Class IV

HF etiology (%) 343075, 9@\\1 (ega

Ischemic P‘ 53.4
Dilatative 0 \G 23.8
Hypertensive O (\6 8.5
Other ?\ \g 14.3
Atrial fibrillation (%) N\ 9140/5 987 39.2
o™

Implantable cardioverter de&@lgnré%g\ 3,429/5,970 16.4
COPD (%) 3,435/5,974 16.6
Q 6 3,436/5,983 10.8

Previous stroke

Data arR \Jsgntaﬁgﬁr\)‘e mean * SD or median (interquartile range), unless otherwise indicated. ARB, angiotensin receptor blocker; N/N, number
fants w without diabetes who had measurements available for each single variable at the study entry; NT-proBNP, N-terminal of
\ proho e brain natriuretic peptide.




@ European Journal of Heart Failure (2017) 19, 54—65 RESEARCH ARTICLE

EL doi:10.1002/ejhf.679

In-hospital and 1-year mortality assoaag\ed
with diabetes in patients with acutea\hg

Diabetes Prevalence

(\\‘ . 49 A% (e
failure: results from the ESC Ie-kﬁﬁ art OVERALL: 49.4% (n=3,422)
Q K DM: 80.5%
Failure Long-Term Regla 5\9(6 o
Giovanni Targher!, Marco Daurgkp@écﬂ t:)chta-2 Pier Luigi Temporelli3, Pre_viously unknown DM: 19.5%
Mahmoud Hassanein?, Petar ¥ic®, Jaroslaw Drozdzé, Roberto Ferrari’, (n =667)

Stephan Anker?, sﬂmdr%‘I aiﬁb@erammos Filippatos'?, Maria G. Crespo-Leirol],
Alexandre Mebaz§€éQ }&o F. Piepolil3, Aldo Pietro Maggioni214*, and
Luigi Tavazzi\"\ig% a@éﬁ of the ESC-HFA HF Long-Term Registry mvestlgators*




Table 1 Baseline characteristics of the whole cohort of patients with acute heart failure stratified by diabetes status

Diabetic patients Non-diabetic patients P-value

(n=3504)

Age (years) 700+114 68.0+14.4
Ethnic origin (Caucasian) 82.9% 82.2%

BMI (kg/m?) 293+54 27.7+53
Systolic BP (mmHg) 134.9+29.6 130.1+£27.3
Diastolic BP (mmHg) 79.2+16.1 78.1+154
Total cholesterol (mg/dL) 164.6 +54.6 164.7 +50.8
Heart rate (b.p.m,) 82.0+20.6 80.5+20.7
Plasma glucose (mg/dL) 1688 +753 96.2+ 14.2
Haemoglobin A4, 74+38
Hypertension 71.4%
Smoking status 15.7%

Diabetes medications?®
Insulin 52.5%
Oral hypoglycaemic drugs only 47.5%
Diet only 0.0%
Cardiovascular medications

Statins
ACE inhibitors or ARBs
Beta-blockers
Aldosterone antagonists . 41.4%
Diuretics 71.5%
Digitalis 23.1%
Calcium channel blog 20.7% 14.0%
Antlplatelets |%ula 78.8% 75.7%
Nltratei 30.6% 23.2%
10.0% 11.7%
: 626+ 347
50.0%
A+l 127422
Sodium (mEq/L) 1376 +54 1383 +5.1
NT-proBNP (pg/dL) 3900.0 (1674—9300) 3791.0 (1619-8878)
LVEF (%) 39.2+142 39.2+ 145
LVEF >45% 28.3% 31.2%
NYHA class -1V 86.8% 83.0%
HF aetiology (ischaemic) 63.7% 49.0%
HF (de novo) 28.5% 30.2%
Atrial fibrillation 42.2% 45.0%
COPD 21.8% 16.8%
Previous stroke 13.7% 10.6%




The Golden Age of Diabetes Medications

1918-Early work with
€ guanidine (Synthalin use
stopped in early 1920s)

€ 1946-NPH insulin

1922-First exogenous
& insulin administered to a
human

oed\)
1 e

o
_AOF \ec“‘\Q

o
A

1983-Recombinant
@ 6(\9

human msuk;b\\
1934 ’&@d&s\vg\‘@

o\\a \,e@& 1995-First AGI (agrbose)

e\ 2013-First SGLT-2
inhibitor (canagliflozin)

1996-First TZD
(troglitazone)

roved for diabetes

n 2009-Bromocriptine

approved for diabetes

19.35
& 1936-P
(’5‘6 \\3

\L@ﬂglm)
ilable in

&nted States

§\Pg‘g 55 (\Q 19'75

1956-First commericially
available SU in United
States
. 4

1956-Lente insulins
1959-Metformin
introduced (outside
United States;
introduced to United
States in 1990s)

¢

1995
L

2015
1997-First meglitinide
(repaglinide)

¢ 2005-First amylin agonist
(pramlintide)
2005-First GLP-1
€ receptor agonist
(exenatide)
2006-First DPP-4
inhibitor (sitagliptin)

White JR, Diabetes Spectrum Vol. 2 (2), 2014




Novel tools to win the competition are not
sufficient...

et

— -

Bobby Fisher vs. Boris Spassky - World Chess Championship, 1972



A comprehensive, recursive, multidisciplinary
and pathophysiology-oriented
approach is needed

_—.'i

P >
- The Zenon’s Paradox



SUMMARY

»Heterogeneity is hallmark of diabetes and its
complications

»CKD is highly prevalent, though ?yet underscored,
particularly in vulnerable<populations

»CKD incidence’iscincreasing worldwide, possibly
due to ingreased life expectancy

»Awareness and rationale use of most modern
medications could stop and possibly reverse the
ticking clock of diabetes complications



THANK YOU!







SPARE SLIDES



DIABETES AND CKD

Recommendation 2.2.1. We recommend an individualized HbA

%@t‘é r%g‘l\?é nging

from <6.5% to <8.0% in patients with diabetes and CKD not\’ta?ér?at@: ith

dialysis (Figure 9) (1C). %og\ 56\6\\
N e?
PN
RN
o A\°
<6.5% R R
%)
CKD G1 péé&rig\&‘c KD
Ab i IOANRY:
sent/minor @C@ @\ufar complications
Few \\P\ 0(\ Comorbidities
~ Long D G 6\0(\ Life expectancy
Present Q@‘ 6\16 Hypoglycemia awareness
1'\\|rallz-1blt=a Q‘e e(e Resources for hypoglycemia management
&g\\\ (\0e Propensity of treatment to cause hypoglycemia
()\0Q o1

Present/severe

Impaired
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