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Who are these chaps?



“Whole Lotta Love”

• Led Zeppelin's first US single

• Released in 1969 on their 
second album

• Their only US Top-10 hit

• Jimmy Page played the 
Blues riff on a Sunburst 
1958 Les Paul Standard



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

http://www.allmusic.com/artist/dixon-p332


Key takeaway

When you dig deeper, 

it gets confusing…



ADA Classification of Diabetes

• Type 1 diabetes

• Autoimmune β-cell destruction

• Thin children

• Acute presentation

• Type 2 diabetes

• Insulin resistance and insulin secretory defect

• Heavy adults

• Subacute

• Other specific types of diabetes

• Genetic defects in β-cell function, insulin action

• Diseases of the exocrine pancreas

• Drug- or chemical-induced

• Gestational diabetes mellitus (GDM)

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



Case Presentation

• 55 y.o. male who self-referred for eval of DM
• FPG of 110 at annual physical
• SMBG  120-130 range
• No family history of DM
• Physical Exam

• BMI 24 kg/m2

• BP 114/64
• Otherwise normal

• Labs
• FPG 130
• A1c 7.2%
• Normal TC, TG, HDL, LDL, LFTs and renal function
• GAD 2.7 (normal 0.0-0.02)



• Presents as “type 2 diabetes”

• Older than 30-35 y

• May be non-obese

• Initially diet-controlled or oral meds

• Progress relatively quickly to insulin requiring

LADA Clinical Presentation



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?



• Age > 30 y

• Positive for at least 1 autoantibody
― GAD65, IA-2, ICA, Insulin

• Not insulin requiring for at least 6 months after diagnosis

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

LADA Definition – Immunology of Diabetes Society



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?



Autoimmune diabetes - epidemiology

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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4.5-23% have DKA at onset.

Higher prevalence in Caucasians.
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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)

- IAAb 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 Sample 
size

Ab Type Age 
(years)

Ab 
positivity 
(%)

UK 3670 GAD IA-2 25-65 12

Finland 1122 GAD IA-2 28-83 9.3

US/Europe 4357 GAD IA-2 30-75 4.2

Italy 5330 GAD IA-2 30-75 4.5

Norway 1134 GAD >20 10

Sardinia 5568 GAD 35-70 4.9

China 5324 GAD >20 5.9

Europe 6810 GAD IA-2 
ZnT8

30-70 9.7



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.

• Islet 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.

Ab Type Prevalence

GAD65 Ab 6.1%

IA-2 Ab 2.0%

ZnT8 Ab 1.7%

mIAA
(less than 2 weeks from starting insulin 
treatment)

2.2%

ICD-10 T1D diagnosis 1.6%

N of Islet Abs Prevalence

0 92.0%

1 5.6%

2 1.2%

3 1.2%

4 0.1%

Any 8.1%

J.M. Lawrence et al. Diabetes Research and Clinical Practice (2021) 171: 108624 PMID: 33338552 



Islet Autoantibody Positive Patients in “T2D” Studies

6.5% GAD65+



7.6% GAD65+

Islet Autoantibody Positive Patients in “T2D” Studies



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?



Genetics of LADA

• Increased 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)



Genetics of LADA



GWAS: Significant Signals Associated with 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.



PFKFB3 Locus Associated with LADA

Cousminer et al. Diabetes Care 2018

A novel strong signal at 10p15.1 
between the two established type 1 
diabetes loci at IL2RA and PRKCQ 
was described (rs1983890-C, odds 
ratio [OR] [95%CI] = 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.



Circulating levels of pancreas-enriched miRNAs in 
subjects with different types of diabetes

Seyhan et al.  Scientific Reports, 2016



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

Age at diagnosis <10 10-17 18-24 25-39 ≥40 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%

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

TrialNet PTP cohort 2-18 

years

Overweight 14%

Obese 11%

TrialNet PTP cohort 20-50 

years

Overweight 30%

Obese 30%



BMI and risk of LADA and T2D

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

Relative risk of LADA and T2D and LADA with high or low GADA levels in relation to BMI 

(HUNT and ESTRID studies)



Insulin resistance in LADA

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

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

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. 



Adult onset T1D differs from childhood T1D

The Stages to Type 1 Diabetes

Starting Point

15x increased risk of 

T1D in those with 

relatives of disease

Immune activation

β-cell are attacked

Immune Response

Development of 

single autoantibody

Normal Blood Sugar

≥2 autoantibodies

Abnormal Blood 

Sugar

≥2 autoantibodies

Clinical Diagnosis

≥2 autoantibodies

Long-

standin

g T1D

Genetic 

Risk

Immune 

Activation

Immune 

Response

STAGE 1 STAGE 2 STAGE 3 STAGE 4

Modified from Greenbaum C.J. et al. Diabetes 2018.  

Attenuation 

of key T1D-

associated 

HLA 

haplotype 

frequencies

LADA/AOnT1D does not fulfill the stages of 

progression to T1D defined for high risk subjects



Putative

trigger

Circulating autoantibodies 

(GAD65, IA-2A, ZnT8, IAA)

Cellular autoimmunity Clinical

onset

Time

-Cell 

mass 100%

-Cell 
insufficiency

Genetic
predisposition

Insulitis
-Cell injury

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

Diabetes

Natural history of autoimmune diabetes

Loss of first-phase 

insulin response (IVGTT)

Abnormal 

glucose

tolerance 

(OGTT)

LADA

T1D



Subtypes of diabetes



Subtypes of diabetes

Ahlqvist et al Lancet Diabetes and Endocrinology, 2019



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?



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



Progression to insulin requirement in UKPDS

Turner R et al, Lancet 1997, 350, 1288, 1997

No insulin Insulin P

N 1644 237

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



Predictive value of GAD and ICA in UKPDS

Turner et al, Lancet 1997, 350 :1288

Follow-up (years)



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?



Complications in T2D, LADA and T1D

Isomma et al Diabetes Care 1999

• Cross-sectional study

• T1D patients younger 

but had longer 

duration of DM

• Similar microvascular 

complications

• CHD/PVOD similar to 

T2D



Carotid Intimal Medial Thickness in LADA



MACE in LADA and T2DM - UKPDS

―― LADA (N = 157/567)

―― T2DM (N = 1544/4495)

Unadjusted Adjusted for age, BMI, 
A1c, HDL, TC, SBP

Maddaloni et al.  DOM 2019

Median follow-up 17.3 y



Incidence rate and hazard ratios for 
macrovascular outcomes

Maddaloni et al.  DOM 2019



Consensus  - JDRF Expert Panel 2021

• Half of all cases of T1D are 
diagnosed in adults

• Frequently misdiagnosed
• Progression slower
• Genetics overlaps with T1D
• Understanding of 

pathophysiology and natural 
history not well understood



Adult-onset autoimmune diabetes: knowledge gaps



Or maybe not?

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.



Pathophysiologic Classification of Diabetes



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 DR4. 

• 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.

• 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?



“Whole LADA Love” from the AdventHealth 
Translational Research Institute

Thanks!



Questions? 



Connect!

Email:

Richard.Pratley.MD@adventhealth.com

Websites:

www.tri-md.com

www.adventhealthdiabetes.com

@RpratleyMD

Richard Pratley


