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“Whole Lotta Love”

* Led Zeppelin's first US single

e Released in 1969 on their
second album

* Their only US Top-10 hit

B v * Jimmy Page played the
" Blues riff on a Sunburst
é 1958 Les Paul Standard

.
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Willie Dixon

Born: Jul 1, 1915 in Vicksburg, MS
Studied music with a local carpenter
Worked as a session musician with
Muddy Waters

Wrote a number of blues standards
Sued Led Zepplin for copyright
Infringement over "Whole Lotta
Love" and its resemblance to Dixon's
"You Need Love."

Developed diabetes, lost a leg

Died Jan 29, 1992 in Burbank, CA
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http://www.allmusic.com/artist/dixon-p332

Key takeaway

When you dig deeper,
it gets confusing...

.
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ADA Classification of Diabetes

* Type 1 diabetes
e Autoimmune B-cell destruction
* Thin children
* Acute presentation
* Type 2 diabetes
* Insulin resistance and insulin secretory defect
* Heavy adults
e Subacute
* Other specific types of diabetes

* Genetic defects in B-cell function, insulin action
* Diseases of the exocrine pancreas

* Drug- or chemical-induced
* Gestational diabetes mellitus (GDM)

s
ADA. 1. Classification and Diagnosis. Diabetes Care 2013;36(suppl 1):S11. AdventHealth



Case Presentation

e 55 vy.0. male who self-referred for eval of DM
e FPG of 110 at annual physical

« SMBG 120-130 range

e No family history of DM

e Physical Exam
o BMI 24 kg/m?
. BP 114/64
e Otherwise normal

e Labs
e FPG 130
e Alc7.2%

e Normal TC, TG, HDL, LDL, LFTs and renal function
« GAD 2.7 (normal 0.0-0.02)
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LADA Clinical Presentation

* Presents as “type 2 diabetes”
 Olderthan 30-35vy

* May be non-obese

* I|nitially diet-controlled or oral meds

* Progress relatively quickly to insulin requiring

.
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Questions

* How is LADA defined?

* How common is LADA?

* How is LADA different from T1D?

* What’s the natural history?

* What do we know about outcomes?

.
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LADA Definition — Immunology of Diabetes Society

e Age>30y

e Positive for at least 1 autoantibody
— GADG65, 1A-2, ICA, Insulin

* Notinsulin requiring for at least 6 months after diagnosis

Palmer J, Hirsch I. Diabetes Care 26:536-538,2003 AdventHealth



Questions

e How common is LADA?
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Autoimmune diabetes - epidemiology

US T1D incidence

60
50
40
30

20

Diabetes incidence (per 100,000)
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Higher prevalence in Caucasians.

4.5-23% have DKA at onset.

M.A.M. Rogers et al. BMC Medicine 2017; 15: 199-208
M. Thunander et al. Diabetes Research and Clinical practice 82 (2008): 247-55
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Adult onset T1D - definition

Diagnostic criteria of LADA
- Age >30

- Not requiring insulin for 6-12 months
(questionable as insulin treatment is
proposed more often in those
centers with GAD testing available —
Brophy 2008)

- 1AADb positive — usually GAD Ab

- C-peptide (if considered as a
diagnostic criteria fasting levels
>0.3nmol/l)

Brophy S et al. Diabetes Care 2008; 31: 439-441
Buzzetti et al. Nature Rev Endo 2017

Location

UK

Finland
US/Europe
Italy
Norway
Sardinia
China

Europe

Sample
size

3670
1122
4357
5330
1134
5568
5324
6810

Ab Type

GAD IA-2
GAD |A-2
GAD |A-2
GAD IA-2
GAD
GAD
GAD

GAD IA-2
/nT8

25-65
28-83
30-75
30-75
>20

35-70
>20

30-70

Ab
positivity
)

12

9.3

4.2

4.5

10

4.9

5.9

9.7
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Adult onset (20-45 y) autoimmune DM- California

« Kaiser Permanente Southern California and Kaiser Permanente Northern California EMR

« Diabetes incidence in 2017 among patients aged 20-45 years followed by the KP system for at least 1 year.
» |slet autoantibody testing was offered to all the patients with a new diagnosis of diabetes.

« 7,862 newly diagnosed diabetes cases were identified. 2,063 consented to be tested for islet autoAbs.

GADG65 Ab 6.1%
|IA-2 Ab 2.0%
ZnT8 Ab 1.7%
mIAA 2.2%
(less than 2 weeks from starting insulin

treatment)

ICD-10 T1D diagnosis 1.6%

J.M. Lawrence et al. Diabetes Research and Clinical Practice (2021) 171: 108624 PMID: 33338552
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Islet Autoantibody Positive Patients in “T2D” Studies

C-Peptide Levels in Latent Autoimmune
Diabetes in Adults Treated With
Linagliptin Versus Glimepiride:
Exploratory Results From a 2-Year
Double-Blind, Randomized, Controlled
Study

Diabetes Care 2014;37:e11-e12 | DOI: 10.2337/dc13-1523

obtained at baseline and weeks 26, 52,
and 104. Antibodies to GAD65 were
detected using radioimmunoassay (Oslo
University Hospital in-house assay using
translation-labeled GAD); an antibody
index of =0.05 was considered positive
and provided a sensitivity of 82% and
specificity of 99% (Diabetes Autoantibody
Standardization Program 2010).

Plasma samples from 1,505, 862, 436,
and 327 patients were tested for GAD,
islet cell cytoplasm, IA-2A, and IAA,
respectively, and 118 (7.8%) were
identified as having LADA. GAD65 was
the most prevalent autoantibody
(99 patients, 6.5%). At baseline,
GADG5-positive linagliptin patients

Latent autoimmune diabetes in adults
(LADA) is a slowly progressing form of
immune-mediated diabetes often
misdiagnosed as type 2 diabetes because
of its typical clinical presentation, i.e., an
adult without weight loss or ketoacidosis
not initially requiring insulin (1). Prior to
insulin dependence, pharmacological
options for reducing hyperglycemia
comprise the oral glucose-lowering drugs
used in type 2 diabetes; however, none has
been established as the drug of choice in
LADA because of the scarcity of evidence
for or against the various agents (2).

This study was a prespecified,
exploratory analysis of a large (n =
1,519) trial in which patients diagnosed

Odd Erik Johansen,*

Bernhard O. Boehm,M

Valdemar Gn‘.ﬁ’,4 Peter A. ';"cvrjes:a'rr,5
Sudipta Bhattacharya,® Sanjay Patel,”
Kristiane Wetzel,® and

Hans-Juergen Woerle'

6.5% GADOGS+

ith linagliptin include
p-cell-protective effect through
elevation of endogenous glucagon-like
peptide 1 (GLP-1) (4), and/or non-GLP-

.
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Islet Autoantibody Positive Patients in “T2D” Studies
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Dulaglutide treatment results in effective glycaemic control in
latent autoimmune diabetes in adults (LADA):
analysis of the AWARD-2, -4 and -5 Trials
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Aims: Patients with a type-2-diabetes (T2D) phenotyp
ase antibodies (GADA) represent the majority of ca
adult (LADA). The GLP-1 receptor agonist dulaglutid
T2D, has yet to be evaluated in LADA patients. Our 3
effect of dulaglutide on glycaemic control (HbA1c) in GADA-|
T2D patients.

Methods: A post-hoc analysis was performed using data from
(AWARD-2,-4.-5; patients with GADA assessment) which were g
development programme in T2D. LADA patients were identifie

dlaglutide clinical
A =5 |U/mL (ELISA).

Or comparator were ana-

Changes in HbA1lc during 12 months of treatment with dulag

lysed using mixed-effect model repeated measures.
Results: Of 2466 adults tested for GADA (dulaglutide, 1710%largine, 298; sitagliptin, 294; pla-
cebo, 164), 2278 (92.4%) were GADA-negative and 188 (7.6%) were GADA-positive, including
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Questions

e How is LADA defined?
e How common is LADA?
e How is LADA different from T1D?

* What’s the natural history?
* What do we know about outcomes?

.
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Genetics of LADA

* |ncreased prevalence of susceptibility haplotypes HLA

DR3, DR4 DQb1*301 (similar to T1DM)

* Higher frequency of protective DR2 and DQb1*602
compared to T1DM

 Other associations (TNF-a and TCF7L2)

.
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Genetics of LADA

Diabetes Care

O

First Genome-Wide Association
Study of Latent Autoimmune
Diabetes in Adults Reveals Novel
Insights Linking Immune and
Metabolic Diabetes

https://doi.org/10.2337/dc18-1032

OBJECTIVE

Latent autoimmune diabetes in adults (LADA) shares clinical features with both
type 1 and type 2 diabetes; however, there is ongoing debate regarding the precise
definition of LADA. Understanding its genetic basis is one potential strategy to gain
insight into appropriate classification of this diabetes subtype.

RESEARCH DESIGN AND METHODS
We performed the first genome-wide association study of LADA in case subjects of
European ancestry versus population control subjects (n = 2,634 vs. 5,947) and
compared against both case subjects with type 1 diabetes (n = 2,454 vs. 968) and
type 2 diabetes (n = 2,779 vs. 10,396).

RESULTS

The leading genetic signals were principally shared with type 1 diabetes, although
we observed positive genetic correlations genome-wide with both type 1 and type
2 diabetes. Additionally, we observed a novel independent signal at the kmown
type 1 diabetes locus harboring PFKFB3, encoding a regulator of glycolysis and
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insulin signaling in type 2 diabetes and inflammation and autophagy in

mune disease, as well as an attenuation of key type l-associated HLA haplo-
type frequencies in LADA, suggesting that these are factors that distinguish
childhood-onset type 1 diabetes from adult autoimmune diabetes.

CONCLUSIONS

* Division of Human Genetics, Children’s Hospital
of Philodelphia, Philadelphia, PA

Department of Genetics, Perelman School of Med-
idne, University of Pennsylvania, Philedelphia,
PA

sDepurrmem of Clinical Sciences Malmd, Lund
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GWAS: Significant Signals Associated with LADA

Table 1—-Genome-wide significant signals associated with LADA

Position Reference/ Effect allele frequency
SNP Chromosome (b37) otherallele (case/control subjects) OR 95% ClI P Gene

LADA (n = 2,634) vs.
population control
subjects (n = 5,947)

rs9273368 6 32626475 A/G 0.50/0.28 3.115 2.855-3.398 7.87 X 10 ** HLA-DQBI1
rs2476601 1 114377568 A/G 0.159/0.102 1.717 1.539-1.915 7.21 X 10 ** PTPN22
rs689 11 2182224 T/A 0.802/0.726 1.483 1.363-1.613 1.07 X 10 “ INS
rs7310615 12 111865049 C/G 0.553/0.492 1.284 1.193-1.383 4.92 X 10 ' SH2B3

LADA (n = 2,779) vs. case
subjects with type 2
diabetes (n = 10,396)

rs9273368 6 32626475 A/G 0.43/0.301 2.439 2.222-2.676 3.17 X 10" ’® HLA-DQBI1
rs689 11 2182224 T/A 0.783/0.715 1.473 1.352-1.605 9.86 X 10 *° INS
rs2476601 1 114377568 A/G 0.173/0.140 1.529 1.38-1.693 4.52 X 10 *®  PTPN22
rs3184504 12 111884608 /T 0.544/0.52 1.24 1.151-1.336 1.77 X 10 % SH2B3

LADA (n = 2,454) vs. case
subjects with type 1
diabetes (n = 968)
rs9273368 6 32626475 A/G 0.415/0.65 0.335 0.256-0.385 8.46 X 10~ *° HLA-DQBI

We performed three genome-wide association approaches, first for LADA vs. population control subjects (top), then for LADA vs. type 2 diabetes
(middle), and finally for LADA versus type 1 diabetes (bottom). ORs are given for the LADA risk allele, except for rs92773368 in LADA vs. type 1 diabetes,
to illustrate that the type 1 diabetes risk allele was depleted in LADA.

Cousminer et al. Diabetes Care 2018

The strongest
genetic risk loci for
LADA are shared
with T1D, but
established T2D
loci also play a
weaker role, as
evidenced by the
enrichment of
established type 2
diabetes loci in
LADA.

.
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PFKFB3 Locus Associated with LADA

LADA
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Cousminer et al. Diabetes Care 2018
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A novel strong signal at 10p15.1
between the two established type 1
diabetes loci at IL2ZRA and PRKCQ,
was described (rs1983890-C, odds
ratio [OR] [95%Cl] = 1.16 [1.14~
1.32]; P =3.02 x 108).

The gene encoding 6-
phosphofructo-2-kinase/fructose-
2,6-biphosphatase 3 (PFKFB3), was
identified as the most likely
functional candidate.

.
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Clinical characteristics at “T1D” onset
T1D Exchange Registry and TrialNet

Age at diagnosis 18-24 P-value
Underweight 16% 12% 14% 7% 6% 0.001
Normal weight 63% 65% 63% 55% 52%

Overweight 9% 13% 14% 27% 27%

Obese 12% 11% 9% 12% 15%

TrialNet PTP cohort 2-18 TrialNet PTP cohort 20-50

years years

Overweight 14% Overweight 30%

Obese 11% Obese 30%

Casu A, et al. T1D Exchange Registry. Diabetes Medicine 2020
Ferrara CT et al. Diabetes Care (2017) 40: 698-701. Ferrara CT et al. J Clin Endocrinol Metab (2017) 102: 4596-4603 AdventHealth



BMI and risk of LADA and T2D

Relative risk of LADA and T2D and LADA with high or low GADA levels in relation to BMI
(HUNT and ESTRID studies)

100 100
—— LADA - -& - LADA-high GADA
—@— Type 2 diabetes ok LADA-low GADA
10 10
& e\
g 2 e A -
.......... "“ L
! | | gl g©
0,1 0,1

Body mass index Body mass index

Carlsson et al. Front Physiology 2019; Hijort et al. Diabetologia 2018 Advent Health



Insulin resistance in LADA

No differences in M value between IAAb+ requiring insulin (T1D) or not (LADA).

M-value
25' — & %
20~ *
e T
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¥ 10- T | |
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5- I e
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u'_l T T T

ab+/ins- ab+/ins+ ab-fins- con

In the Action LADA study, no differences of insulin sensitivity measured with hyperinsulinemic euglycemic clamp were
demonstrated between LADA and T2D once matched for BMI.

Subauste A et al. PLOSone 2014; Zaharia et al. JCEM 2018, Juhl et al. 2014 AdventHealth



Adult onset T1D differs from childhood T1D

Attenuation
of key T1D-
associated
HLA
haplotype
frequencies

The Stages to Type 1 Diabetes

Genetic
Risk

‘.’ \‘ﬁ M/' 3 ]
atn YR ) AR ) Y

"‘ 7%
=
Starting Point

15x increased risk of
T1D in those with

relatives of disease
Immune activation STAGE 1
B-cell are attacked \\r/

Immune
Response

Immune Response Abnormal Blood Clinical Diagnosis Long-
Development of O] Bloqd Sggar Sugar 22 autoantibodies standin
) - 22 autoantibodies L

single autoantibody >2 autoantibodies g T1D

I |

LADA/AONT1D does not fulfill the stages of

} ) ) ) ) -2
Modified from Greenbaum C.J. et al. Diabetes 2018. progression to T1D defined for hlgh risk SUbJeCtS AdventHealth



Natural history of autoimmune diabetes

B-Cell
mass 100%

Genetic
predisposition

Eisenbarth GS. N Engl J Med. 1986;314:1360-1368

Putative
trigger

Cellular autoimmunity

Circulating autoantibodies
1 (GADB65, IA-2A, ZnT8, IAA)

Loss of first-phase
insulin response (IVGTT)

Insulitis
B-Cell injury

Time

Clinical
onset

Abnorma
glucose
tolerance
(OGTT)

B-Cell
insufficiency

Diabetes

LADA

T1D

.
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Subtypes of diabetes

Digbetes Volme 66, Fabruary 2017

Jay 5. Skyler,! George L. Bakris,? Ezio Bonifado,? Tamara Darsow,* Robert H. Ecleel®
Leif Groop,® Per-Henrik Groop,72.2 Yehuda Handelsman,10 Richard A. Insel 11
Chantal Mathien,1? Allison T. McElvaine # Jerry P. Palmer,12 Alberto Pugliese 1
Desmond A. Schatz, ¥ Jay M. Sosenko,'® John P.H. Wilding,'# and

Robert E. Ratner®

Differentiation of Diabetes by
Pathophysiology, Natural History,

and Prognosis

255 | DOF 10 D06

Digbetes 20774

The American Diabetes Associstion, JORF, the Euro-
pean Association for the Study of Diabetes, and the
American Association of Clinical Endocrinologists
convened a research symposium, “The Diff erentiation of
Diabetes by Pathophysiology, Matural History and
Prognosis™ on 10-12 October 2015. Intemational experts
in genetics, imr gy, metabolism, enc inclogy,
and systems biclogy discussed genetic and environ-
mental determinants of type 1 and type 2 diabetes risk
and progression, as well as complications. The partici-
pants debated how to determine appropriate therapeu-
tic approaches based on disease pathophysiclogy and
stage and defined remaining research gaps hindering a
personalized medical approach for diabetes to drive the
field to address these gaps. The authors recommend a
structure for data stratification to define the phenotypes
and genotypes of subtypes of diabetes that will facilitate
individualized trestment.

Though therapeutic algorithms for diabetes encour-
age individnalization of approaches (1), they are often
broadly applied in treatment and reimbursement de-
cizions, reinforcing the “one-size-fits-all” approach (2).
However, if individualized approaches ave successful

(if they improve morbidity/mor
effectivel, health care systems arel
them. For example, better insights
iclogy of different types of cancer hj
agnostic tools and therapies, whig
improved outcomes (3). A similar
realized for diabetes.

Many different pathe, driven b
environmental factors, result in th
Bcell mass (4,5) and/or function (6]
ically as hyper glycemia. Once hypes]
ple with all forms of diabetes are o
the same complications (Fig. 1), th
sion may differ. The present challe
the many paths to B-cell dysfung
identify therapeutic approaches tl
path. By reviewing the current evig
remaining research gaps, we aim to
diabetes that may be assodated wit}
progression and differential risks
personalized approach to intensivg
or treat specific complications may
den of diabetes complications, pay
highest risk.
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Novel subgroups of adult-onset diabetes and their associaf
with outcomes: a data-driven cluster analysis of six variabl
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Summary

EBackground Dizbeses 1s presemily classified tnto swo matn forms, ype 1 and wpe 2 diabetes, but wpe 2 dial
heterogeneous. A refined dassificasion could
regimens and idenfy individuals with increased risk of complicadons an diagnosts.

particular is highly

Methods We did daa-driven chuswer analysts (k- means and hierarchical chuseering) in padens with newly dia)
diaberes [n-MSD} fmﬂle&wedishhl] New Diabetics in Scanla cohon. Clusters were based on st v
{glunar i age at d BMI, Hba,, and homoeosatic model assessment 2 esf
n{p—cdlfmuhnandmsdmrmmce},udwmmhmdmpmspmhedaufmm patent records on develd

prescripuion of medicadon. Replicaton was done in three
Diabetes Regisery (n=1466), All New Diabenics in Uppsala {n=844), and Diabetes Regisery Vaasa n=345)
wmmdhguxlwn weTe used 10 compare dme 10 medication, tme w reaching the rrearment gy

of complicarions and

risk of diabetic and genetic

Findings We idenufied fve replicable clusiers of patients with diabeses. which had significamiy differen:
characreristics and risk of diabesic complicasons. In panicular, individuals in dusser 3 {most restsant w insull
sigmificandy higher risk of diaberic kidney disease than individuals in chussers 4 and 5, b had been pre]
similar diabeses wearment. Cluseer 2 {insulin deficient) had the highes: risk of rednopathy. In suppon|
clustering. genec assoclatons in the dussers differed from those seen in wadidonal sype 2 dizbeses.

Interpretation We swadfied patienss tnw fve subgroups with differtng disease progresston and risk of
complications. This new subsiradficavon might evenually help w waibor and rarges early weammen: wo patley
would benefit most, thereby represenung a firs swep wwards precision medicine in diabees.
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Introduction

Diabetes 1s the fasest inresing disease worldwide and a
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Dizbetes classification im0 type 1 and wpe 2 dubetes
relies primartly on the presence (type 1 diabeses) or absence
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Pcell antigens and age =t dugnests fyounger for pe 1
diabetes). With this approach, 75-85% of padems are
classtfied as having type 2 diabeses. A third subgroup,
latent anecimmune disbetes m aduhs (LADA; affecing
«<10% of people with diabeses), defined by the presence
Df ghiamic acid decrbowlase andbodies (GADA) fs

omanentticenae.

cally ndi=t hable from wpe 2 dubetes
ar dizgnosts, bur becomes moessingly similar e

wwew ihelancet comfdibetes- endocingiogy Vels May 2018

type 1 diabetes over tme.” With the imroducton
sequencing in clnica] dizgnosscs, several rare mon)
forms of disbetes were described. inchading m)
onset diabetes of the young and neonatal diabetes

Fxtseing treasment guidelines are hmised by
they respond w poor metabolic consral when
developad, but do not have means o predice
patlens will need ineenstfied eroammem. By
suggests that early weasmene 1s cructal for prever)
Iifo-choneming complicastons  because
seem to rTemember poor metabolic comrol decad
[so-called mesabolic memary).

# refined dasstficanion could provide a powerful
1denfy ax diagnosis those a greares: risk of compl
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Risk of diabetes-associated diseases in subgroups of patients
with recent-onset diabetes: a 5-year follow-up study

OanaPZaharia, Kiaus Strassburger, Alexander Strom, Gidon | Barhaf. Yanishar Kamusheva, SofiaA ntoriou, Kimin Badis, Danid F Makgrdf,
Volker Bkt Karsters Missig,Jorg Hee Hwang, Ofof Asplund Leff Groop EmmaAbiguist Jachen Seissier, Peber Nizwroth, Stefan Ko,
ianM Schmid Michael Stumal, FHPjeffer stqrmmm--\ Srigey Tsehmin, Hars U Hiring, Dan Ziegler, Ofiver Kuss
i, Michad Roden, for the Dichetes Study

Joia Seends

Summary

Background Clusser analyses have proposed different diabeses phenotypes using age, BMI, glycaemia, homoeosiasts
model estmares, and tsler amoantbodies. We tested whether comprehenstve phenotyping validaes and further
characierises these chusters & diagnosts and whether relevamt diabetes-relawed complications differ among these
chisters, during 5-vears of folls-up.

Methods Patents with newly diagnosed wpe 1 or wpe 2 diabetes in the German Diabeses Smdy underwen
cmplehmsne phenotyping and assessmemt of laborawry vartables. Insulin senshvity was assessed using

-eughycaemic clamps, Al Imdmmlmgnlagneﬂc TESOOATICE SPECITOSCOPY, hepauc

Diabiclogy (0 P Zabaria MG}
A Seszem PH, C ) Banbhod MO

¥ Eann b MD, 5 Antoncu MG
E BixdaMD) DF Marksraf PHO
¥ Brkart PR KM g M,
FHHwang PRE D Zimgler MOy

| Srerdrosdi MO, M Roden MO,
and leatshsts forBiametacs

P Moot MD, 5 Ko M,
5M Schemi

fibrosts using non-imvastve scores, and 1 and I and clinical criseria.
Pattents were reassessed afier 5 years. The German Diabetes Smdy 1s leg&gmd with (linicalTrials.gov, number
NCT01055093, and is ongoing.

Findings 1105 patlems were classified at baseline miwo five chusiers, with 386 (35%) assigned w mild age-relared diabewes
(MARD), 323 {29%) w mild obesit-relaed diabews (MOD), 247 (22%) w severe ausolmmune diabees (SAID),
121 {11%) w0 severe insulin-restsant diabewes (SIRD), and 28 {3%) w0 severe insulin-deficient diabetes (SIDD). At S-year
follow-up, 367 patlents were reassessed, 128 {35%) with MARD, 106 (295) with MOD, 58 [24%) with SAID, 35 (103¢)
with SIRD, and ten (3%) with SIDD. Whole body insultn senstbvity was lowest in patents with SIRD at basehine
{miean 4-3 mygkg per min [SD 2-0]) compared with those with SATD (5. 4 mg/kg per min [3- 2} p0-0001), MARD
{7-5 mig/kg per min [2-5]; p<0-0001), MOD (6 6 mgfkg per min [2- 6] p-0-0011), and SIDD {5- 5 may kg per min [2-4F
pe=i)-0035). The fasing adipose-ussue insulin resistance index ar baseline was highest in padems wih SIRD
{median 15-6 [IGR 9-3-20-9]) and MOD {11-6 [7-4-17-9]) compared with those with MARD (6-0 [3-9-10-3]; both
pe<0-0001) and SAID (-0 [3-0-9-5]; bosh p<0-0001). In padens with newly diagnosed diabetes, heparocellular Ipid
comtent was highest ar baseline in pavents assigned w the SIRD chuser {median 195 [IQR 1-22]) compared with all

A HPhuiier MD, 5 Kabinch M,

5 Towdmins M, H Haring My

DP Zabarin, K Strambrarger

A Stra, G| Bochof

» SAricnioy

K B, ' Markagr, ¥ Buurkart,
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0 Eim | wareboed, M naa..»
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Hairwich Hair Uiniversty,

Dusekloe, Garmany

{5 Arcricny, EBédin, D imgler

| Sarched, M Radem;

Gmamics, Diabetes and

Endocrnclogy, Depart =t
= il e, Lind

— % [2-15] far MOD, p=0- 00052; 5% [2-11] for MARD, p<0-0001; 2% [0-13] for SIDD, p~0-0053; and 1%
[0-3] for SAID, p<0-0001), even afier adjustmems for baseline medicatton. Accordingly, hepatc fibrosts ar S-year
follow-up was more prevalent in parlents with SIRD {ne7 [26%]) than in patents with SATD (n=5 [73], p=0-0011),
MARD {ne=12 [12%], ped)- 112}, MOD (n=13 [15%]. p=0)-050), and SIDD r=0 [0%], p vahae not available). Confirmed
diabetic sensortmotor polyneuropathy was more prevalens ar baseline in pattems with SIDD {n=9 [36%]) compared
with patlenis with SAID (ne10 [53], p<0-00T), MARD {im39 [15%], p=0-00066), MOD (n=26 [11%], p<0-0001). and
SIRD (=10 [17%], p<-0001).

Interpretation Cluswer analysis can characrerise cohons with diferen: degrees of whole-body and adipose-tissue
msulin resisiance. Spectfic dlaberes chasters show differemt prevalence of diabetes complicadions at early sages of
non-akeoholic By ver disease and diabeste neuropathy. These Gndings could help tmprove argeted provenson and
treatment and enable preciston medicine for diabeses and s comorbidivies.
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Copyright & 2019 Elsevier Lul. All nighes reserved.
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Findings of a Swedish cohore smdy published 1n 2008 pathophystological and genextc profiles.! This analysis
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Subtypes of diabetes

B C
A 1.2% . .
D E
Bl Type 1diabetes
] LADA
[ Type 2 diabetes :
F

O Cluster 1 (SAIDY
[ Cluster 2 {SIDD)
= Cluster 3 (SIRD)
1 Cluster 4 (MOD)

[ Cluster 5 (MARD)

Ahlgvist et al Lancet Diabetes and Endocrinology, 2019 Advent Heqlth



Questions

e How is LADA defined?
e How common is LADA?
e How is LADA different from T1D?

* What'’s the natural history?
* What do we know about outcomes?

.
AdventHealth



LADA in UKPDS

5102 patients with T2DM

3672 with ICA/GAD65 assays

—

1802 randomly assigned
insulin

1802 not assigned
insulin

1538 investigated for
Insulin requirement at 6yrs

Turner R et al, Lancet 1997, 350, 1288, 1997
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Progression to insulin requirement in UKPDS

1644
Age 53. 48.5 <0.0001
BMI 29.5 27.6 <0.0001
ICA (%) 2.9 26.2 <0.0001
Anti-GAD (%) 5.3 38 <0.0001

Tumer R et al, Lancet 1997, 350, 1288, 1997 AdventHealth



Predictive value of GAD and ICA in UKPDS

Age <45 years Age =45 years
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Questions

e How is LADA defined?
e How common is LADA?
e How is LADA different from T1D?

* What’s the natural history?
* What do we know about outcomes?
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Complications in T2D, LADA and T1D

Table 3—Chronic complications in patients with type 2, LADA, and type 1 diabetes

Type 2 diabetes LADA Type 1 diabetes ]
n (M/F) 50 (26/33) 50 (26/33) 111 (67/44) * CFOSS-SeCtIOna| StUdy
Dist.alnegmpa[hy 27 29 13* e T1D pa“ents younger
Biothesiometer >10.3 V 83 79 417
Biothesiometer >25V 41 45 137 bUt had |Ongel’
Microalbuminuria (AER > 20 ' 29 27 24 -
R e/ duration of DM
None * i 2« Similar microvascular
Mild 39 28 55 _ _
Moderate 12 14 Comp|lca'[I0nS
Severe 5 0 21% . .
Macular edema 7 12 ND ¢ CH D/PVOD Slmllar to
CHD 58 56 4.57
ABI <09 27 27 o T2D

Data are %), unless otherwise indicated. For type 1 diabetic patients, mild and moderate retinopathy are grouped
together. *P << 0.05 vs. LADA or type 2 diabetes; P < 0.001 vs. LADA or type 2 diabetes; $P < 0.05 vs. type 2
diabetes.

.
Isomma et al Diabetes Care 1999 AdventHealth



Carotid Intimal Medial Thickness in LADA

-
b s Cardiovascular Diabetology 100% - Plaque
W uttiple
M One
ORIGINAL INVESTIGATION Open Access No
.. . . @c:mu.:n
Preclinical carotid atherosclerosis 80% -
in patients with latent autoimmune diabetes
in adults (LADA), type 2 diabetes and classical
type 1 diabetes
Martz Hemandez' 5, Carolina Lapez™, Jordl Real®®, Joan Valks®, Emillo Ortega-Martinez de Victoria”, 60% =
Federico Vézquez®, Esther Rubinat?, Minerva Granado-Casas®®, Nuna Alonso, Teresa Moll®, Angals Betriu®?,
Albert Lecube'®, Elvira Fermgndez”, Richard David Leslle™ and Didac Maurido™*
I Abstract
Background: LADA & probably the mast prevalent form of autoimmune diabetes. Mevertheless, there are few 40% -
data about cardiovascular disease in this group of patients. The aim of this study was to investigate the frequency of
carotid atherosclerotic plagues in patients with LADA as compared with patients with dassic type 1 diabetes and type
2 diabetes.
Methods: Patients with LADA were matched for age and gender in different propartions to patients with type 2
diabetes, and classic type 1 diabetes Mone of the patients had dinical cardiovascular disease. All subjects underwent
B-mode carotid ultrascund to detect atheroma plagues. Demographics were obtained from all subjects.
We included 71 patients with LADA, 1 ts with type 2 diabetes and 116 patients with type 1 diabe-
therosclenost was mane frequent in pat with LADA compared with type 2 diabetes {7312% vs 565.0%, 20% |
nd classic type 1 diabetes (57.1%, F = 0.026); these changes ocourned despite healthier macrovescoular
risk profiles in the former. Age (P < 0L001), smoking (P = 0.003) and hypertensi 0.019) were indepandently
associated with carotid atherosclerosis. Multiple plagues were also more fregque patients with LADA as comparned
with classic type 1 diabates and type 2 diabetes (45.1% and 33,60 vs. 27 2%, respectively, P = 0.023). The frequency of
carotid plagues increased with increasing diabetes duration in LADA patients compared with type 2 diabetes (85.7%
ws. 58.8%, inverse OR 5.72 [1.5-21.8} P=0.009)
Condusions: LADA patients do not present with less carotid atherosclerosis than patients with type 1 and type 2 0% b— — — e
c:latc'.rs Their macrovascular risk ooours despite a healthier macrovasoular risk profile than those patients with type 2 1 1 I
dizbetes LADA Type 1 diabetes Type 2 diabetes
Keywords: Carotid plague, Atherosclercsis, Late onset sutoimmune disbetes, LADA, Type 1 diabetes, Type 2 diabetes . . o . .
) ’ Fig. 1 Carotid atherosclerosis in patients with LADA, type 1 and
Background type 2 diabetes [1]. Latent autoimmune diabetes of the H H ' i
Macrorasutar disease is th lsding canse of moridity il (LADA), i = paons wihaculoneet i type 2 diabetes. The percentage of patients with carotid plaques was
B B e L et previoasy fsmoscd with e significantly higher in the LADA group (73.2%) than in the group of
= didema a 1 diabetes [2]. LADA be d to b highi . . H H
e : prevlance than cesic ype 1 disbetos in both children patients with type 1 diabetes (57.1%, P = 0.026) and type 2 diabetes
it and adults. Motwithstanding its clinical relevance, data . .
about cardiovascular events and mortality in patients (56.9%, P = 0.018). The difference was mainly due to the percentage
with LADA are limited. [t could be anticipated that . . . s . .
of patients with multiple plagues, which was higher in LADA (45.1%),
n . Intmationd Licerss R . . .
than in type 1 diabetes (33.6%), P = 0.077 and type 2 diabetes
(27.2%), P = 0.019. LADA latent autoimmune diabetes in adults
b -

.
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MACE in LADA and T2DM - UKPDS

Median follow-up 17.3 y

Unadjusted Adjusted for age, BMI,
Alc, HDL, TC, SBP
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Hazard ratio, 0.73 (96% Cl, 0.62-0.86) Hazard ratio, 0.92 (95% CI, 0.77-1.09)
P<0.001 pP=0.22
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Incidence rate and hazard ratios for
macrovascular outcomes

TABLE 2 |Incidence rate and hazard ratios of macrovascular outcomes

Incidence rate per 1000 person-years (95% Cl)

Abbreviations: Cl, confidence interval; HR, hazard ratio; MACE, major adverse cardiovascular events; MI, myocardial infarction.

LADA T2D HR (95% Cl) Age-adjusted HR (95% ClI) Fully adjusted HR
MACE 17.4 (14.9-20.3) 23.5(22.4-24.7) 0.73 (0.62-0.86) 0.86(0.73-1.02) 0.92 (0.77-1.09)
Cardiovascular death 11.8 (9.8-14.2) 15.0 (14.2-16.0) 0.77 (0.64-0.94) 0.93(0.77-1.13) 0.97 (0.79-1.18)
Fatal Ml 9.0(7.3-11.1) 10.9 (10.1-11.7) 0.81 (0.65-1.01) 0.98(0.79-1.23) 1.01 (0.81-1.28)
Fatal stroke 1.5 (0.9-2.5) 2.7(2.3-3.1) 0.54 (0.31-0.92) 0.68(0.39-1.16) 0.77 (0.44-1.32)
Sudden death 1.0 (0.5-1.8) 0.9 (0.7-1.2) 1.02 (0.51-2.05) 1.12(0.56-2.26) 1.09 (0.53-2.25)
Unknown death 0.3(0.1-1.0) 0.4 (0.3-0.6) 0.72 (0.22-2.35)  0.79(0.24-2.60) 0.75 (0.22-2.54)
Non-fatal Ml 4.7 (3.5-6.3) 7.5(6.8-8.1) 0.63 (0.46-0.86) 0.70(0.51-0.96) 0.73 (0.53-1.00)
Non-fatal stroke 2.7 (1.8-4.0) 47 (4.2-5.2) 0.56 (0.38-0.85) 0.68(0.45-1.02) 0.73 (0.48-1.11)
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Consensus - JDRF Expert Panel 2021

Diabetes Care Volume 44, November 2021

Adult-Onset Type 1 Diabetes:
Current Understanding and
Challenges

Dighetes Care 2021:44:3449-2456 | https:/ /ol org/10 2337/de21-0770

Recent epidemiological data have shown that more than half of all new cases of
type 1 diabetes occur in adults. Key genetic, immune, and metabolic differences
il between adult- and childheod-onset type 1 diabetes, many of which are not
well understood. A substantial risk of misclassification of diabetes type can
result. Notably, some adults with type 1 diabetes may not require insulin at diag-
nosis, their clinical disease can masquerade as type 2 diabetes, and the conse-
guent misclassification may result in inapproprate treatment. In respo nse to this
important ksue, JORF convened a workshop of imtemational experts in Novem-
ber 2019, Here, we rize the current und ding and e fuies-
thons in the field based on those discussions, highlighting epidemiclogy and
immunogenetic and metabolic characteristics of adult-onset type 1 diabetes as
well as disease-assoclated comorbidities and psychosodal challenges. in adult-
onset, as d with childhood-onset, type 1 diabetes, HLA- d risk ks

R David Leslie,

Carmells Evans-Moling, ™7

Jacquelyn Freund-Brown,*

Raffaella Buzzetti,” Dana Dabelea,”
Kathlesn M. Gillespie,” Robin Golond,*
Angus G Jores” Mok Kacher"
Lawrence 5. Phillips,’” Olov Rolandsson™*
Jana L Wardian, ¥ and Jesica L Dunne”

“Centre for Immunchiblagy, Slizard institute,
Gueen Mary University of Landan, Landan, UK
“Departments of Pedintrics and Medicine and
Center for Diohetes and Metabolic Dieases,
indiang  University Schaol aof Medicine,

lower, with more protective genotypes and lower genetic risk scores; multiple
diabetes-assoclated autoantibodies are decreased, though GADA remains dom-
nant. Before diagnosks, those with autoantibodies progress more slowly, and at
diagnosis, serum C-peptide Is higher in adults than children, with ketoacidosks
being less fre quent. Tools to distinguish types of diabetes are discussed, Including
body phenotype, clinical course, family history, autcantibodies, comorbidities,
and C-peptide. By providing this perspective, we aim to improve the manage-
ment of adults presenting with type 1 diabetes.

Clinically, it has been relatively easy to distinguish the acute, potentially lethal,
childhood-onset diabetes from the les aggressive condition that affects adults.
However, experience has taught us that not all children with diabetes are insulin
dependent and not all adults are non<insulin dependent. Immune, genetic, and
metabolic analysk of these two, apparently distinct, fomis of diabetes revealed
inconsistencies, such that insulin-dependent and immune-mediated diabetes was
redefined as type 1 disbetes, while most other forms were relabeled as type 2 dia-
betes Recent data suggest a further shift in our thinking, with the recognition that
more than half of all new cazes of type 1 disbetes ocour in adults. However, many
adufts may not require insulin at diagnods of type 1 diabetes and have a more
gadual onset of hyperghpremia, often leading to misdassification and inappropriate
care. Indeed, misdiagnosts ocours in neardy 40% of adults with new type 1 diabetes,
with the nisk of error increasing with age (1,2). To consider this invportant ssue,
JDRF convened a workshop of intemational experts in November 2019 in New
York, NY. In this Perspective, based on that workshop, we outline the evidence for
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Adult-onset autoimmune diabetes: knowledge gaps

Table 1—Knowledge gaps

Area of focus

Description

Eliminating cultural bias in order to understand
what impacts disease developrment

Population screening

Disease-modifying therapies in early-stage disease

Diagnosis and misclassification

Adjunctive therapies

Post-diagnosis education and support

Most large-scale studies of adult type 1 diabetes have been done in
Europe, North America, and China. There is a pressing need to
extend these studies to other continents and to diverse racial and
ethnic groups. Such studies could help us identify and understand
the nature and implications of diversity, whether in terms of
pathogenesis, cultural differences, or health care disparity. In
addition, prospective childhood studies of high-risk birth cohorts
could be extended into adulthood and new studies initiated to
better understand mechanisms behind disease development and
whether there is a differentiation in the disease process between
young and adult type 1 diabetes.

At present, universal childhood screening programs are being
developed in many countries. Research will be needed to develop
strategies for the follow-up of autoantibody-positive populations
throughout adulthood.

Trials of disease-modifying therapies have generally shown better
efficacy in children (12). There are likely to be important differences
in agent selection between adult and pediatric populations, and
these differences require study.

There is a need to build a diagnostic decision tree to aid in diabetes
classification. Tools are needed to estimate individual-level risk.

There is a need to better understand the benefits and risks of using
therapies that are adjunctive to insulin in adult-onset type 1
diabetes. To this end, large-scale drug trials need to be performed,
and therapeutic decision trees are required to help health care
professionals and endocrinologists select such therapies.

Improving education and support post-diagnosis is vital and should
include psychosocial support, health care provision, and analysis of
long-term outcomes (including complications) in adult-onset type 1
diabetes. Current knowledge is limited with respect to
complications, especially related to the complex mechanisms
contributing to macrovascular disease in adult-onset type 1
diabetes. Surveillance efforts based on larger and representative
cohorts of patients with clear and consistent case definitions are
needed to better understand the burden and risk of diabetes-
related chronic complications in this large population.

.
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Or maybe not?

Disbete:s Care Volume 44, june 221

1243

O

Latent Autoimmune Diabetes of
Adults (LADA) Is Likely to
Represent a Mixed Population of
Autoimmune (Type 1) and
Nonautoimmune (Type 2) Diabetes

Digbetes Care 2021:44:1243-1251 | https/fdoi org/10 2337/de20-2534

Latent autoimmune diabetes of adults [LADA) s typically defined as a new diabe-
tes diagnosks after 35 years of age, presenting with clinical features of type 2 dia-
betes, in whom a type 1 diabetes-associated Islet autoantibody k& detected.
Wdentifying autolmmune disbetes is Important since the prognosis and optimal
therapy differ. However, the existing LADA definition identifies a group with clink
cal and genetic features intermediate between typical type 1 and type 2 diabetes.
It is unclear whether this i due to 1) true autolmmune diabetes with a milder
phenotype at older onset ages that initlally appears similarto type 2 diabetes but
later requires insulin, 2) a disease syndrome where the patho physiologles of type
1 and type 2 diabetes are both present in each patient, or 3) a heterogeneous
group resulting from difficulties in classification. He reln, we suggest that difficul-
tes in classification are a major component resulting from defining LADA using a
diagnostic test —klet autoantibody measurem ent— with imperfect specificity ap-
plied in low-prevalence populations. This ylelds a heterogeneous group of true
positives [autoimmune type 1 diabetes) and false positives (nonautoimmune
type 2 diabetes). For cliniclans, this means that islet autoantibody testing should
not be undertaken in patients who do not have clinical features suggestive of au-
tolmmune diabetes: in an adult without clinica features of type 1 diabetes, it i
likely that a single positive antibody will represent a false-positive result. This s
in contrast to patients with features suggestive of type 1 diabetes, where false-
positive results will be rare. For researchers, this means that current definitions
of LADA are not appropriate for the study of autolmmune diabetes in later life.
Approasches that Increase test specificity, or prior llelihoosd of auteimmune dia-
betes, are needed to avold inclusion of partici who have !

(type 2) diabetes. Improved cassification will allow improved assignment of
prognosis and therapy as well as an improved cohort inwhich to analyze and bet-
ter understand the detalled pathophysiological components acting at onset and
during dise = & progression in late-onset autoimmune diabetes.

Latent autoimmune disbetes of adults [LADA) i typlcally defined a patients diag-
nosed with disbetes over 35 years of age presenting with dinical features of type 2
diabetes in whom a2 type 1 disbetes-assoclated autoantibody & detected. This
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It is unclear whether LADA is:

1) true autoimmune diabetes with a milder
phenotype at older onset ages that initially
appears similar to type 2 diabetes but later
requires insulin

2) a disease syndrome where the
pathophysiologies of type 1 and type 2
diabetes are both present in each patient

3) a heterogeneous group resulting from

difficulties in classification. AdventHealth



Pathophysiologic Classification of Diabetes
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Summary

* LADA patients have several features of classic type 1 diabetes in
addition to islet cell antibody positivity, including high rates of HLA-DR3
and DRA4.

* Patients with LADA share obesity and insulin resistance with type 2
diabetic patients but display a more severe defect in maximally
stimulated [beta]-cell capacity.

e Adults with non-insulin-requiring diabetes who are positive for GAD
and/or islet cell antibodies (ICA) require insulin treatment significantly
earlier after diagnosis than ICA- patients.

* Considerable knowledge gaps remain:

* What is the best treatment?
* What is risk for CVD and microvascular complications?

* Role of therapies adjunct to insulin?
AdventHggalth



“Whole LADA Love” from the AdventHealth
Translational Research Institute




Questions?

-+
AdventHealth



Connect!

Email:
Richard.Pratley.MD@adventhealth.com Q @RpratleyMD

Websites:
m Richard Pratley

www.tri-md.com
www.adventhealthdiabetes.com
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