Clinical Characteristics of
latent autoimmune diabetes Iin adults’ in Korea
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2. Classification and Diagnosis of

Diabetes

Diabetes Care 2016;39(Suppl. 1):513-522 | DOI: 10.2337/dc16-S005

CLASSIFICATION

Diabetes can be classified into the following general categories:

1. Type 1 diabetes|(due to [3-cell destruction, usually leading to absolute insulin

deficiency)

2. Type 2 diabetes kdue to a progressive loss of insulin secretion on the background

of insulin resistance)

3. Gestational diabetes mellitus (GDM) 4diabetes diagnosed in the second or third

trimester of pregnancy that is not clearly overt diabetes)

4. Specific types of diabetes due to other causes, [e.g., monogenic diabetes syn-

dromes (such as neonatal diabetes and maturity-onset diabetes of the young
[MODY]), diseases of the exocrine pancreas (such as cystic fibrosis), and drug- or
chemical-induced diabetes (such as with glucocorticoid use, in the treatment of
HIV/AIDS or after organ transplantation)
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Considerable overlaps between
the phenotypes of TIDM and T2DM

Mitochondrial
genes
mutations

Type 1
diabetes

Type 2
diabetes

? Others
Amylin
genes

mutations

Holt RIG, et al. Textbook of Diabetes, 4t ed.



Definition of LADA

No unified criteria exist for LADA
but three criteria have often been used

GAD antibody (+)
>35 yrs at diagnosis
no insulin therapy in the first 6-12 mo. after Dx.

Tuomi T et al. Lancet 383: 1084-1094, 2014.



A definition of LADA

« WHO classify LADA a Type 1 diabetes.

Study Age Antibody Ketoacidosis[K] Time to insulin

Agardh 2005 30-70 GAD - Not requiring
insulin

Cabrera-Rode 2002 - GAD and ICA No K at 1 month -

Kobayasahi 1996 - ICA No K -

Maruyama 2003 - GAD No K No insulin for 6
months

Zhou 2005 25+ GAD No K within 6 months -

Fourlanos 2006 30-75 GAD - No insulin for 6
months

Weslley Souza Rosario | 35+ GAD - No insulin for 1

2005 year

Vatay 2002 35+ GAD or ICA - No insulin for 6
months

Isomaa 1999 35+ GAD No K -

Yang 2005 25+ GAD No K for 6 months -




Eponyms for

autoimmune diabetes in adults

Latent type 1 diabetes

Latent autoimmune diabetes in adults (LADA)

Slowly progressive IDDM (SPIDDM)

Slow-onset IDDM

Slowly progressive type 1 diabetes

Type 1 1/2 diabetes

LADY-like

Autoimmune diabetes not requiring insulin at diagnosis
LADA-type 1 and —type 2

Slowly progressive B-cell failure

Slowly progressive adult-onset type 1 diabetes
Antibody-positive phenotypic type 2 diabetes with obesity
Latent autoimmune diabetes in children (LADC)

Groop LC, et al. Diabetes, 1986.

Tuomi T, et al. Diabetes, 1993.

Kobayashi, T et al. Diabetes Care, 1993.
Lohmann, T et al. Diabetes Care, 1997.
Seissler J, et al. Diabetologia, 1998.

Juneja R, et al. Autoimmunity, 1999.
Lohmann T, et al. Diabetes Care, 2000.
Pozzilli P, et al. Diabetes Care, 2001.
Lohmann T, et al. Diabetologia, 2001.
Borg H, et al. JCEM, 2001.

Hosszufalusi N, et al. Diabetes Care, 2003.
Palmer JP, et al. Diabetes Care, 2003.
Aycan Z, et al. J Pediatr Endo Metab, 2004
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Global Epidemiology

Frequency Duration Numberof Numberof Selection criteria for LADA Measurement Measurement  Measurement  Otherauto-
of GAD patients patients of B-cell of insulin of highvslow antibodies
antibody diabetes with LADA withtype?2 function resistance or concentrations
positivity (year of diabetes metabolic of GAD
study if (vear of syndrome antibody
morethan study if
onegroup) morethan
one group)
Age at Time free Auto-
diagnosis frominsulin  antibodies
(years) therapy
TN\ (months)
UKPDS (UK)****  Prospective 13-2% <lyear 526 4545 25-65 >3 Islet-cell ~ Treatment HOMA-IR, BMI  Yes |A-2 antibody
(1997);¢ (1997);* antibody,  with insulin,
378 400 (2006~ GAD HOMA-B
(2006- 07)7 antibody
07)ﬂ53
Botnia Cross- Any 104 1122 >35* =6-12 GAD C peptide, HOMA-IR, BMI, Yes Islet-cell
(Finland)>**2 sectional (1999);*  (1999);® antibody  oral glucose-  waist circum- antibody,
217 744 tolerancetest, ference, blood |A-2 antibody,
(2000);%  (2000);* (intravenous  pressure, lipids, ZnT8
294 648 glucose (normoglycaemic antibody,
(2010- (2010- tolerance hyper- thyroidal
13)6+62 13)6+e2 test®) insulinaemic antibody
clamp®)

Tuomi T et al. Lancet 383: 1084-1094, 2014.




Castleden and
colleagues
(UK)=
Fourlanos and

colleagues
(Australia)®

ADOPT (USA,
Canada, and
Europe)®

HUNT
(Norway)®¢

NIRAD
(Italy)®®e

Global Epidemiology

Cross- 7%
sectional

Cross-
sectional
(drug inter-
vention)

<3 yearst

Cross- 10%
sectional
and

prospective

6 months
to5years

Cross-
sectional
and
prospective

4-5%

136

102

1/4

106-128

193
(2007);%
236
(2012)%

1923

111

3960

943-1134

4057
(2007);%
450
(2012)°

>

30-75

v

25

20

12

12, or<12if
C-peptide
concentration
>150 pmol/L

GAD
antibody

GAD
antibody

GAD
antibody

GAD
antibody,
|A-2
antibody

Treatment
with insulin

Treatment
with insulin

Oral glucose-
tolerance test

C peptide,
treatment
with insulin

Treatment
with insulin

Tuomi T et al. Lancet 383

BMI

BMI

HOMA-IR, BMI,
waist circum-
ference, blood
pressure, lipidsF

BMI, waist
circumference,
blood pressure,
lipids

BMI, waist
circumference,
lipids

Yes

Yes

Yes

Yes

|A-2 antibody,
ZnT8 antibody

: 1084-1094, 2014.



Global Epidemiology

Sardinia Cross- 4-9% <Gyears 276 5292 - - GAD Treatment BMI, waist Yes |A-2 antibody,
(Italy)™ sectional antibody  with insulin circumference, TPO antibody
blood pressure,
lipids
Hungary” Cross- - - 211 1297 >35 6 Islet-cell
sectional antibody,
and meta- GAD
analysis antibody,
|A-2
antibody,
orinsulin
antibody
Action LADA Cross- 8-8% <Gyears 384 5558§ 30-70 6 GAD Treatment BMI, waist Yes
(Europe)” sectional antibody,  with insulin circumference,
|A-2 blood pressure,
antibody, lipids
orZnT8
antibody
LADA China Cross- <lyear  287(180  4593(174 =30 6 GAD - - Yes
Study (China)? sectional by genetic by genetic antibody
analysis) analysis)

GAD=glutamic acid decarboxylase. LADA=latent autoimmune diabetes in adults. HOMA-B=homoeostasis model assessment of B-cell function. HOMA-IR=homoeostasis model assessment of insulin resistance.
BMI=body-mass index. IA-2=protein tyrosine phosphatase IA-2. ZnT8=zinc transporter 8. *No initial selection criteria for age but most patients were older than 35 years. tUntreated, fasting plasma glucose
7-10 mmol/L. $As defined by guidelines from the National Cholesterol Education Program Adult Treatment Panel. §114 patients had adult-onset type 1 diabetes, 24 had an intermediate phenotype (insulin
started <6 months after diagnosis), and for 76 patients there was no information about time to insulin.

Tuomi T et al. Lancet 383: 1084-1094, 2014.



Epidemiology In Asia

Age at Duration BMI GADA (+) ICA (+)
-_ A5 0 (kg/m?) | (0 %) | (0 %)

oetal 1 i, Asan g — e toy  17021% '
Thai et al. i asian 0 B4 > 2% 27(161%) 8 (48%)

Tsuruoka et al. 6T820 Asian ;{23,9 - - - 29 (4.3%) -

Park et al. Nevvl?éDM Asian 15172'%5 - - igé 2 (1.7%) -
Huang et al. ?.g Asian 43;6353 igg J_rsz Jz_ég 2 (5.0%) 1 (2.5%)

Modified Huang C.-Y. et al. Journal of Internal Medicine of Taiwan 15:12-18, 2004
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Gender distribution

Female
Male

Ab positive Ab negative

* pP=0.029 vs Ab negative



HbAlc values in screened patients
according to antibody positivity

12

10

0% 6

Ab positive Ab negative
(n=68) (n=857)

* p=0.008 vs Ab negative

Genovese S, Pozzilli P et al. Eur J Endocrinol 154:441-7, 2006



Body Mass Index in screened patients
according to antibody positivity

34 *

32

20 *%

BM| 28

26

24

22

LdllTTTTT A A s
>?2 Abs 1 Ab No Ab
(n=21) (n=68) (n=857)

*%

p=0.024vs 1 Ab * p<0.001 vs No Ab

Genovese S, Pozzilli P et al. Eur J Endocrinol 154:441-7, 2006



Prevalence of patients treated with insulin
according to antibody positivity

100

**
80

60 *

40
%

20

AN AN A
>2 abs 1ab No ab

*

* p=0.036 vs 1 Ab * p<0.001 vs No Ab

Genovese S, Pozzilli P et al. Eur J Endocrinol 154:441-7, 2006



DRB1-DQB1 association Is age-related
iIn LADA

Prevalence of the DR3/DR4-DQB1*0302 combination according to age of
diagnosis in LADA (n= 255) and in controls (n= 200):

DR3/DR4-DQB1*0302 others
100
80
o v
%
40
20
0)
25-34  35-44  45-54  55-65 Controls
Age at diagnosis (years) UKPDS 43:

Horton et al, 1999



3-cell function in LADA

ting p-C-peptide
A After glucose inj B _ Fasting p-C-pep
B After glucagon inj -
T

&0 T _ e 1.2

1.75 - 1.oj | 1

1.5 - |-

0.81 B -
1.25 - _
1.0

0.757

0.51

Fasting c-peptide (nmol/l)

Initial (1+3 min)p-C-peptide (nmol/l)
p-C-peptide after glucagon (nmol/l)

0.257

Diagnogis years later 0 1 2 3
Diagnosis years later

Stenstrom G et al. Diabetes 54: S68-S72, 2005.



p-C-peptide (nmol/1)

3-cell function in LADA

i, controls 5-7 years
F controls

b antibody negative diagnosis
t antibody negative 5-7 years

antibody positive diagnosis

7| antibody positive 5-7 years

glucose infusion glucagon injection

Fasting p-C-peptide (nmol/l)
==
=

= & -
S o = N

=
)

Only IA-2A
No islet antibodies

o ICA at follow-up

C\}\\w Only GADA/ICA at diagnosis

~© 2-3 antibodies at diagnosis

Diagnosis 3 years S years 12 years

Stenstrom G et al. Diabetes 54: S68-S72, 2005.



LADA, truly ‘Latent’?

« Though not as severe as in classic type 1 diabetic
patients, LADA patients have an early impairment in [3-
cell function. LADA is not a ‘latent form’ of
autoimmune diabetes.

 Hence, we favor the use of ADA (autoimmune diabetes

In adults) rather than LADA for this type of patient in
the future.

Stenstrom G et al. Diabetes 54: S68-S72, 2005.
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The Clinical Characteristics of Young Onset Diabetes According to Etiology Based Classification

Mina Parkl, Yang-Il Kangl, Suk Chonl’2, Seung-joon Oh1’2, Jeong-taek Wool'z,
Sung—-Woon Kim1’2, Jin—Woo Kim]’2, Young—Seol Kim'*

. o . L2
Department of Endocrinology and Metabolism', Endocrine Research Institute”,

College of Medicine, Kyung Hee University

Park M. et al. J Kor Diabetes Assoc 30: 190-197, 2006.



Table 1. Baseline Characteristics of Young Diabetic Patients (15~30 years) According

to Etiology Based Classification

Characteristics n = 385
M:F 40:45
Age (yrs) 241 + 4.6
Disease duration (yrs) 6.8 £ 4.3
Age at diagnosis (yrs) 175 £ 53
BMI (kg/m’) 217 + 43
Normal (< 23 ) 50 (64.1%)
Overweight (23< <25) 10 (12.8%)
Obesity (= 25) 18 (23.1%)
HbAlc (%) at diagnosis 11.1 + 2.5
Type of Diabetes Mellitus
Type 1 DM 39 (45.9%)
Type 2 DM 20 (23.5%)
Unclassified 22 (25.9%)
Others 4 (4.7%)
Complication of Diabetes Mellitus
Retinopathy 28 (32.9%)
Neuropathy 19 (22.4%)
Proteinuria 14 (16.4%)

* Data: mean £ SD or number (%), BMI: body mass index.
* Others: Diabetes after pancreatectomy (2) or gestational DM (2).

Park M. et al. J Kor Diabetes Assoc 30: 190-197, 2006.




Table 2. Clinical and Biochemical Characteristics of Young Diabetic Patients at Diagnosis

TIDM(n=39) T2DM(n=20) Unclassified(n=22) P-value
Age at diagnosis(yrs) 17.3 £ 5.7 179 + 49 17.0 £ 49 ns
Family history 20 (52.6%) 12 (60%) 16 (76.2%) ns
Disease duration(vyrs) 6.48 = 4.19 7.76 = 4.65 55 £ 4.12 ns

BMI (kg/m®) 199 + 3.3 267 + 3.6 204 + 2.5 < 0.01

Autoantibody  GADA 18 (66.7%) 1 (7.7%) 3 (21.4%) < 0.01
[IA-2A 9 (33.3%) 1 (7.7%) 3 (21.4%) ns
ICA 1 (7.1%) 0 (0%) 2 (16.7%) ns

C-peptide (nmol/L) 0.07 £ 0.06 0.80 + 0.5 0.47 + 0.23 < 0.01
ACR 053 £ 23 9.65 £ 11.6 7.04 £ 15.8 0.046
Insulinogenic index 0.02 + 0.83 0.10 + 0.11 0.10 = 0.1 0.024
HbAlc (%) 11.3 £25 104 £ 23 11.7 £ 24 ns
T-cholesterol (mmol/L) 525 £+ 1.73 544 + 1.31 456 + 1.27 ns
LDL (mmol/L) 281 + 1.53 325 £ 153 2.63 + 0.85 ns
HDL (mmol/L) 1.47 £ 045 098 £ 0.2 1.27 = 045 0.02
TG (mmol/L) 1.81 £ 3.3 321 + 3.0 1.25 £ 0.92 ns
Systolic BP (mmHg) 1203 + 16.1 1235 + 16.9 1255 £ 22.6 ns
Diastolic BP (mmHg) 75.8 £ 10.2 83.5 £ 10.5 79.5 £ 139 ns

* Data: number (% within each type) or mean + SD

* TIDM, Type 1 diabetes mellitus; T2DM, Type 2 diabetes mellitus; BMI, body mass index; C-peptide, fasting
C-peptide; ACR, acute c-peptide response to oral glucose (75 g) during first 30 min; Insulinogenic index, acute
insulin response to oral glucose (75 g) during first 30 min; ns, not significant.

Park M. et al. J Kor Diabetes Assoc 30: 190-197, 2006.



Treatment Modality

Table 3. Treatment Modality According to the Type of DM

Type 1 DM Type 2 DM Unclassified P-value

Initial treatment

Insulin 31 (86.1%) 2 (20.0%) 11 (73.3%)

OHA 0 (0%) 3 (30.3%) 2 (13.3%) < 0.01

Combined 5 (13.9%) 5 (50.0%) 2 (13.0%)
Current treatment

Insulin 25 (92.6%) 7 (38.9%) 13 (81.3%)

OHA 0 (0%) 1 (5.6%) 2 (12.5%) < 0.01

Combined 2 (7.4%) 10 (55.6%) 1 (6.3%)

Park M. et al. J Kor Diabetes Assoc 30: 190-197, 2006.



D RIGINAL ARTICLE

The Low Prevalence of Inmunogenetic
Markers in Korean Aduli-Onset IDDM
Patients

RESULTS —| The overall prevalence of anti-GAD antibodies was 1.7% (2 of 121) 1‘1 patients
with previously undiagnosed NIDDM, wherea ] it for
antibodies. Among those who tested positive, titers of antibodies to GAD were not high| No
statistically significant differences in the distributions ot either mean levels ot anti-GAD antibod-
ics or DQA1 and DQB1 alleles were found comparing NIDDM patients with control subjects.
Interestingly, the frequency of DQB1*non-Asp-57 and DQA1*Arg-52 alleles in the Korean adult
control population was similar to that in the U.S. white population (DQB1*non-Asp-57: 0.431
vs. 0.475; DQA1*Arg-52: 0.492 vs. 0.463).

CONCLUSIONS — The low prevalence of anti-GAD antibodies and HLA-DQA1 and DQB1
susceptibility alleles among recent-onset NIDDM patients, which was similar to observations in
control subjects, suggests that diabetes in Korean adults is unlikely to have an autoimmune

component to its pathogenesis. Park YS et al. Diabetes Care 19: 241-245, 1996.
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Identifying latent autoimmune diabetes in adults in Korea:
The role of C-peptide and metabolic syndrome
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ABSTRACT

Article history:

Received 14 October 2008
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We aimed to establish the prevalence and characteristics of latent autoimmune diabetes in
ADA) anthcompare it with type 2 diabetesin 1370 Korean patients. The prevalence of

was 5.1%. Lgw C-peptide level and absence of metabolic syndrome were variables
indepelrdently asSociated with the diagnosis of LADA.
) 2008 Elsevier Ireland Ltd. All rights reserved.

Lee SH et al. DRCP 83: e62-e65, 2009.



Table 1 - Baseline characteristics and their comparison between LADA and T2DM.

LADA (n=70) T2DM (n = 1200) p value
Age 59.7 £ 125 60.3 + 14.0 0.763
Age at diagnosis 48.6 + 10.2 48.5+13.4 0.914
Sex (M/F) (%) 44.3/55.7 47.8/52.2 0.573
DM duration (mnn’rhe\ 134 7 + 105 7 1421 4+ 11613 0603
Current insulin treatment (%) 42.9 28.2 0.009
Time toansulin treatment (mnnfhc:) 1071 1721 1154 - 1071 5 04329
Hypertension (%) 40.0 52.1 0.048
Family history of diabetes (%) 45.5 45.0 0.946
HistommotDKA-(%) GLE 0 02383
Acute signs (%) 39.1 26.0 0.017
Hypothyroidism (%) 5.5 3.0 0.208
_B-M-I-@kgﬁsnz) o Lo N I B 22.0 2 7 0200
Waist (cm) 85.6 + 9.9 88.7 +10.3 0.032
Waist—hip ratio 0.92 + 0.07 0.94 + 0.08 0.021
Diabetic retinopathy (%) 33.9 42.8 0.170
Diabetic nephropathy (%) 41.4 43.7 0.714
Diabetic peripheral neuropathy (%) 30.0 35.1 0.377
HbA1c (%) 9.5+ 2.3 9.4 +2.4 0.670
Fasting C-peptide (ng/mL) 1.16 + 1.33 1.64 +1.48 0.009
Stimulated C-peptide (ng/mL) 2.35+2.28 3.46 +2.73 0.001
GAD antibody (u/mL) 1.43 (0.04, 83.89) 0.07 (0.01, 1.35) 0.0004
IA-2 antibody (u/mL) 0.13 (0.01, 20.19) 0.07 (0.00, 1.28) 0.012
Total cholesterol (mg/dL) 175.1+51.9 178.3 +£45.9 0.581
Triglyceride (mg/dL) 123.9+76.1 163.0 + 128.4 0.0001
HDL-cholesterol (mg/dL) 46.5 + 13.0 43.4 +13.4 0.060
LDL-cholesterol (mg/dL) 104.1 +47.7 103.9 +37.4 0.978
Metabolic syndrome (%) 47.1 72.9 <0.0001

Values are expressed as means + SD or percentage except for GAD and IA-2 antibody, which is median (minimum, maximum). LADA: latent
autoimmune diabetes in adults, T2DM: type 2 diabetes, DM: diabetes mellitus, DKA: diabetic ketoacidosis, BMI: body mass index, GAD:

glutamic acid decarboxylase, IA-2: insulinoma-associated protein 2, HDL: high-density lipoprotein, LDL: low-density lipoprotein.

" Polyuria/polydipsia or acute weight loss at the time of diagnosis.

Lee SH et al. DRCP 83: e62-e65, 2009.



Table 2 - The relationship of variables with the diagnosis of LADA using logistic regression analysis.

Odds ratio (95% CI)’ p value
Simple logistic regression Age at diagnosis 1.001 (0,983, 1.019) 0.932
Current insulin treatment 1.912 (1.171, 3.120) 0.010
Time to insulin treatment 0.999 (0.996, 1.002) 0.564
Hypertension 0.612 (0,374, 1,001) 0.050
Acute signs' 1.826 (1.107, 3.011) 0.018
Waist 0.971 (0.944, 0.998) 0.034
Waist-hip ratio 0.030 (0.001, 1.043) 0.053
BMI 0.943 (0.880, 1.011) 0.099
HbAlcC 1022 (0924 _1130) 0673
Fasting C-peptide 0.721 (0.568, 0.916) 0.007
Stimulated C-peptide 0.805 (0.707, 0.917) 0.001
Log(IA-2 antibody) 2.099 (1.714, 2.572) <0.0001
Log(GAD antibody) 9.508 (6.217, 14.542) <0.0001
Triglyceride 0.996 (0.992, 0.999) 0.009
HDIL-cholesteraol 1.016 (0999 _1.033) 0060
Metabolic syndrome 0.353 (0.215, 0.580) <0.0001
Multiple logistic regression Age at diagnosis 1.015 (0.995, 1.036) 0.152
Acute signs' 1.625 (0.956, 2.763) 0.073
BMI 1.003 (0,928, 1.085) 0,933
Stimulated C-peptide 0.841 (0.734, 0.964) 0.013
Metabolic syndrome 0.438 (0.249, 0.771) 0.004

BMI: body mass index, IA-2: insulinoma-associated protein 2, GAD: glutamic acid decarboxylase, HDL: high-density lipoprotein.

" 0dds ratio for classifying diabetes as LADA compared with T2DM.
I Polyuria/polydipsia or acute weight loss at the time of diagnosis.

Lee SH et al. DRCP 83: e62-e65, 2009.
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Table 3 Characteristics and prevalence of diabetes chronic complications in subgroups

T1DM LADA T2DM P value

(n = 37) (n=17) 52% (n = 268)
Age (years) 29.0 = 10.7 40.2 = 14.0 48.7 £ 16.1 <0.001
BMI (kg/m”) 205 £ 44 21.5 £ 6.2 247 £ 3.7 <0.001
GAD Ab titer (U/ml) 0.08 (0.01-91.9) 6.0 (1.5-114.85) 0.07 (0.01-1.41) <0.001
Onset age (years) 26,1 £ 11.4 32.8 £ 8.1 44.6 £ 138 <0.001
Duration of DM (years) 0.5 (0-19) 4 (0-17) 1 (0-43) 0.160
Systolic BP (mmHg) 119.8 £ 15.3 129.0 = 20.7 131.4 £ 163 0.004
Diastolic BP (mmHg) 73.5 £ 10.6 78.5 £ 13.7 83.0 £ 11.7 0.001
Fasting plasma glucose (mg/dL) 200.9 = 82.0 193.5 = 59.5 180.9 £ 79.0 0.430
HbAIC (%) 123 £+ 3.0 10.4 = 2.8 94 £ 25 <0.001
Total cholesterol (mg/dL) 186 (55-586) 163 (79-245) 183 (78-439) 0.264
Triglyceride (mg/dL) 111 (29-464) 94 (43-173) 139 (52-511) 0.175
HDL-C (mg/dL) 50.0 £ 17.8 43.4 = 13.2 44.0 £ 6.1 0.218
LDL-C (mg/dL) 109.1 =51.7 88.3 = 23.8 107.1 £ 41.7 0.300
Microalbumin (pg/ml) 9.71 (0.8-174.8) 6.20 (1.86-100.86) 8.93 (0.04-382) 0.666
C-Peptide (fasting) (ng/ml) 0.33 (0.01-2.13) 0.39 (0.01-9.67) 2.18 (0.01-14.3) <0.001
C-Peptide (stimulated) (ng/ml) 0.83 (0.01-7.22) 0.62 (0.01-8.64) 5.33 (0.01-28.2) <0.001
Nephropathy [n(%)] 5(14.3) 2 (13.3) 51 (21.0) 0.527
Neuropathy [n(%)] 13 (44.8) 7 (58.3) 73 (42.4) 0.557
Retinopathy [1(%)] 7 (20.0) 3 (20.0) 48 (25.5) 0.720

Values are expressed as mean £ SD, median (IQR), or percentage

GADA glutamic acid decarboxylase antibody, BMI body mass index, HDL-C high-density lipoprotein-cholesterol, LDL-C low-density

lipoprotein-cholesterol

Roh M, et al. Acta Diabetol 50: 129-134, 2013.




Table 4 The relationship of variables with the low remaining beta
cell function using logistic regression analysis

Odds ratio (95% CI) P value
GADA positivity 6.99 (1.89-25.82) 0.004
Duration of DM 1.054 (0.96-1.11) 0.394
Onset age 0.967 (0.93-1.00) 0.082
HbAIC 1.28 (1.04-1.59) 0.022
BMI 0.88 (0.78-0.99) 0.028

GADA glutamic acid decarboxylase antibody, BMI body mass index

Roh M, et al. Acta Diabetol 50: 129-134, 2013.
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Abstract

Background Latent autoimmune diabetes in adults (LADA) is a form
of autoimmune-mediated diabetes in adults, usually defined by GAD
autoantibody positivity. Few epidemiological surveys on LADA in Asians
did not come to a conclusive answer regarding prevalence and incidence,
because of different criteria used in patient ascertainment.

Methods We estimated LADA prevalence in a recent type 2 diabetes
cohort by the positivity of circulating autoantibodies to pancreatic islet cell
antigens (GAD, IA-2 and zinc transporter 8 (ZnT8)) applying a comparable
Caucasian criteria. We then observed the development of insulin dependency
prospectively for 36 months.

Park YS et al. DMRR 27: 975-979, 2011.



KNDP cohort (n=2622; Dec. 31. 2007)

l

Those fulfilling inclusion criteria for screening
n=1296 (49.4%)

l

Those having serum samples
n=884 (33.7%)

1L

Individual screening for Islet-specific Abs
Anti-GAD Ab (+): 39/884 (4.4%)
Anti-IA-2 Ab (+): 3/884 (0.3%)
Anti-ZnT8 Ab (+): 3/884 (0.3%)

Park YS et al. DMRR 27: 975-979, 2011.



Table 1. The comparisons between the latent autoimmune diabetes in adults patients and type 2 diabetes patients

Latent autoimmune diabetes Latent autoimmune diabetes

in adults (+) in adults (—) p-value
Number 39 845
Sex (male/female) (19/20) (543/392) ns
Age (years) 51.9+7.9 52.3+8.7 ns
Duration (years) 1.834+1.75 2.08+1.77 ns
Body mass index (kg/m?) 25.3+ 3.1 25.3 + 3.1 ns
Waist hip ratio 1.12£0.76 1.10 £0.83 ns
Systolic blood pressure (mmHg) 123.4+17.8 123.4+£14.0 ns
__Diastolic blood pressure (mmHg) 77.94+ 103 785+ 119 ns
Fasting blood sugar (mg/dL) 126.1 +29.6 142.9 +49.7 0.005
Haemoglobin A1c (%) 6.9+1.0 7.5+1.9 0.003
Total cholesterol (mg/dL) 1949 4+ 29.3 188.5 +40.6 ns
Family history of diabetes (%) 50 44 ns
Oral hypoglycaemia agent medication (%) 75.7 73.7 ns
Cardiovascular risk factors (%) 74.3 64.5 ns
Aspartate transaminase 25.94+13.2 27.2+229 ns
Alanine transaminase 27.5+20.3 31.0£28.8 ns
Gamma-glutamyl transpeptidase 454+ 44.0 58.5+125.9 ns
High-sensitivity C-reactive protein 0.7+0.73 4.14+27.9 0.004
Insulin (ug/dL) 9.3+5.9 89+134 ns
Homeostatic model assessment of insulin resistance 2.95+2.15 3.19 £ 5.37 ns

ns, not significant

Park YS et al. DMRR 27: 975-979, 2011.




LADA Prevalence Estimation and Insulin Dependency

B T2DM m Insulin dependancy ® Insulin independancy

After 36 months of follow-up

Dependancy I

Park YS et al. DMRR 27: 975-979, 2011.



Insulin dependency and Auto-Ab titer

Table 2. Comparison of the mean titres of islet-specific antibodies between those who progressed into insulin
dependency and those who did not during follow-up

GAD Zinc transporter 8 antibody |A-2
Insulin dependency (n = 3) 0.071 £ 0.032 0.070 £0.047 0.100 4+ 0.031
_Insulin independency (n = 36) 0.029+0.022 —0.007 +0.023 —0.001 +0.025
p-Value 0.036 0.011 0.005

Park YS et al. DMRR 27: 975-979, 2011.
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General treatment strategy

Diet treatment in LADA is similar

Obese LADA patients benefit

— calorie restriction and increased physical activity.

Issues from glibenclamide
— promote the autoimmune process ?7?

Thiazolidinediones seem to prevent diabetes

Stenstrom G et al. Diabetes 54: S68-S72, 2005.



General treatment strategy

« Metformin is probably useful
— Esp. in obese patients.

* Insulin therapy is the treatment of choice.

— [B-cell function is impaired at diagnosis of LADA patients,
irrespective of the clinical phenotype.

— Early insulin treatment may improve [-cell dysfunction
— no reason to postpone the commencement of insulin

Stenstrom G et al. Diabetes 54: S68-S72, 2005.



Approach to the treatment of
the Asian adolescent with diabetes

New onset diabetes in an Asian adolescent

\ \ 4
Asymptomatic Symptomatic m
Alc < 9% Alc > 9%
No acidosis No acidosis
v v
- metformin * basal insulin 272D |- Insulin as in T1D until
- Titrate as tolerated * metformin acidosis resolved
- Initiate education with + titrate as tolerated / « Wean insulin as tolerated
focus on |ifesty|e chanqe - Initiate education with focus on Iifestyle
change l ?T1D
» Wean insulin as tolerated

Y

« Initiate MDI insulin therapy
+ Initiate T1D education

2 Pancreatic autoantibodies [€

negative

positive

¥

Continue metformin
wean insulin

v

Failure to maintain target

Alc>65-7%

¥

Initiate add-on insulin therapy — basal insulin to max 1 unit/kg/day‘

b

Continue or initiate MDI insulin
therapy
A

Failure to maintain target
Alc > 6.5-7%

Park YS. J Korean Diabetes 15: 190-195, 2014.



Antigen-specific intervention trials

in TLDM

Table 59.6 Antigen-specific intervention trials in T1DM. Adapted from Staeva-Vieira et al. [94].

Trial name Agent Type of trial Description Outcome
DiaPep77 Subcutaneous peptide heat R, PC, DB, An immunomodulatory peptide proposed to Preserved -cell over 12—18 months in
(HSP60) shock protein 60 PA, ET protect internal production of insulin through adults. No similar effect in children
halting B-cell killing Phase IIl (DIA-AID) is ongoing
NCT00615264
Alum-GAD Alhydrogel-formulated GAD65 R, PC, DB, Immuno-modulation effect in LADA (Phase lla) Preserved B-cell and C-peptide levels
(Diamyd®) 20ug s.c. PA, ET and 10-18 years old with new-onset T1DM in patients with <6 months onset
(Phase IIb) Phase Il ongoing
NCT00723411
NBI-6024 Altered peptide ligand insulin R, DB, PC, Multinational trial used a genetically engineered Completed
B:9—23 vaccine s.c. PA, ET peptide in adolescents (10-17 years) and NCT00873561
adults (18-35 years) with new onset T1DM
BHT-3021 Pro-insulin-based DNA vaccine R, DB, PC, Assesses safety in >18-year-old patients with Ongoing
weekly i.m. inj./12 weeks oL, CO T1DM: 12 months blinded treatment, 12 NCT00453375

months cross-over and 12 months follow-up

CO, cross-over; DB, double blinded; ET, efficacy trial; i.m. inj., intramuscular injection; LADA, latent autoimmune diabetes of adults; OL, open label; PA, parallel
assignment; PC, placebo controlled; R, randomized; RC, randomized controlled; s.c subcutaneous.
For further details, see clinical trial identifier: http://www.clinicaltrials.gov/ct2/search.

Holt RIG, et al. Textbook of Diabetes, 4t ed.
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Korean Data (n=322)

/l PreDM in No MS

Type 2 DM in No MS J’

| 27 S8 T80 /te S8

® PreDM in MS
N\

N\
N\

Y
® Type 2 DM in MS

HOMA-IR

Rhee SY et al. DRCP 76: 397-403, 2007.



Diabetes Care Volume 39, February 2016 179

®

CrossMark

The Tj_me IS Rj_ght fOI' a New Stanley S. Schwartz,* Solomon Epstein,?

Barbara E. Corkey, Struan F.A. Grant,*
Classification System for Diabetes; ‘omes® cevini andkichard. Aguitar
Rationale and Implications of the
3-Cell-Centric Classification

Schema

Diabetes Care 2016;39:179-186 | DOI: 10.2337/dc15-1585

SS Schwartz, et al. Diabetes Care 39: 179-186, 2016.



Dysfunctional B-cell:
the final common denominator in all DM
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SS Schwartz, et al. Diabetes Care 39: 179-186, 2016.



Spectrum of factors
associated with different forms of DM

" Auln-. T cells Insulin
DOB | antibodies treatment
TIDM A '
- p—
LADA
T2DM
\ge Metabolic TCF7L2 C-peptide

syndrome FTO

SS Schwartz, et al. Diabetes Care 39: 179-186, 2016.



Egregious Eleven

A B—Cell-Centric Construct: Egregious Eleven
The B-Cell is the FINAL COMMON DENOMINATOR of B-Cell Damage

8. Colon/biome - 7. Brain
Abnormal microbiota; 1. Pancreatic B-Ce”s Increased appetite
possible decreased { B-Cell function Decreased morning
GLP-1 secretion J B-Cell mass 5 dopamine surge
. . Increased sympathetic
: & Insulin tone
inflammation IR S —————
l INSULIN RESISTANCE -
| 2, sl,lncretm 3. a-CeII " 6. Liver |
. effect defeCt I " Increased
- ) glucose
” | production I
VAmylin qp GIucagon I
\ \ 5. Muscle
10-Stomachy HYPERGLYCEMIA e |
small intestine — I Sz:;;;(r;em muscle
Increased rate of Upregulation of SGLT-Zl' T I
glucose absorption

e
. 4. Adipose -
11. Kidney @ p. .
. " Increased lipolysis I
Increased glucose reabsorption I .

SS Schwartz, et al. Diabetes Care 39: 179-186, 2016.



Targeted Treatment Strategy

B B—Cell-Centric Construct: Egregious Eleven
Targeted Treatments for Mediating Pathways of Hyperglycemia
8. Colon/biome ) .

o / 1. Pancreatic B-Cells : 7. Brain
r,::zt?::s J B-Cell function “ Incretins
Metformin J B-Cell mass ; ; Dopamine agonist-QR

. Incretins, Appetite suppressants
‘ lnSUIIr\ Ranolazine
9. Immune L%’ FINAL COMMON \\
dysregulation/ \_ DENOMINATOR \\
inflammation O - — - —
) v v INSULIN RESISTANCE _*
Incretins, £ |
Anti-inflammatories 2. JdIncretin 3. a-Cell I 6. Liver
Immune modulators effect defect et .
Incretins ‘1’ TZDs |
L Amylin T Glucagon
Incretins 5. Muscle I
Pramlintide I ® I
10. Stomach/ TZDs
small intestine —— (_HYPERGLYCEMIA NSRS
GLP-1 agonists i l T I
Pramlintide I 4. Adipose
AGI : .
11. Kidney . TZDs |
SGLT-2 inhibitors I Metformin

SS Schwartz, et al. Diabetes Care 39: 179-186, 2016.
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