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• I do not have any relevant financial relationships.

This presentation and/or comments will provide a balanced, non-promotional, and evidence-based approach to all diagnostic, 
therapeutic and/or research related content.
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Cultural Linguistic Competency (CLC) & Implicit Bias (IB)

STATE LAW:

The California legislature has passed Assembly Bill (AB) 1195, which states that as of July 1, 2006, all Category 1 CME activities that relate to patient care must include a cultural 
diversity/linguistics component. It has also passed AB 241, which states that as of January 1, 2022, all continuing education courses for a physician and surgeon must contain curriculum 
that includes specified instruction in the understanding of implicit bias in medical treatment.

The cultural and linguistic competency (CLC) and implicit bias (IB) definitions reiterate how patients’ diverse backgrounds may impact their access to care.

EXEMPTION:

Business and Professions Code 2190.1 exempts activities which are dedicated solely to research or other issues that do not contain a direct patient care component. 

The following CLC & IB components will be addressed in this presentation: 

 Address precision medicine or the individualization of therapy of type 2 diabetes, focusing on the heterogeneity of type 2 diabetes and so 
will include discussion of genetic and social and other determinants associated with diabetes and its treatment.

 Discuss differences in treatment of diabetes associated with implicit bias based on race.
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https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=200520060AB1195
https://leginfo.legislature.ca.gov/faces/billNavClient.xhtml?bill_id=201920200AB241


Precision (or Personalized) Medicine

Providing the right therapy for the right patient at the right time

“…a medical model that separates people into different groups- with medical 
decisions, practices, interventions and/or products being tailored to the 
individual patient based on their predicted response or risk of disease.”  



Precision (or Personalized) Medicine

Diabetologia 2020; 63:1671

Defines and discusses precision diagnostics and precision therapeutics
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History of Diabetes Nosology
    

1500 BC    600 BC   100AD    1650          1889            1936                              1979/1980                 2024  

von Mering
Minkowski

“Pancreatic diabetes”

von Mering/
  Minkowski 

Sir Harold Himsworth

Insulin sensitive vs
Insulin resistant forms

“…life is disgusting and painful; thirst; 
excessive drinking, which, however, is 
disproportionate to the large quantity 
of urine, for more urine is passed; and 
one cannot stop them either from 
drinking or making water.”

Arateus- διαβαινω

Thomas                  
    Willis  “the pissing evil”
        diabetes mellitus Thomas Willis

                    Juvenile vs                                      Insulin dependent  vs
                    Adult-onset                                  Non-insulin dependent       
                                                                                                     Type  1 vs Type 2

How Have We Classified Diabetes

Ebers Papyrus                                  
                Sashruta                                 
                “madhumeha”
          

Antiquity
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History of Diabetes Nosology
Where are we now?

1500 BC    600 BC   100AD    1650          1889            1936                              1979/1980                 2024  

NDDG/WHO
Type 1 vs Type 2

1. Type 1 diabetes (due to autoimmune b-cell destruction, usually  
     leading to absolute insulin deficiency, including latent 
     autoimmune diabetes of adulthood)

ADA 2024

2. Type 2 diabetes (due to a non-autoimmune progressive loss of 
    adequate b-cell insulin secretion frequently on the background of 
    insulin resistance and metabolic syndrome)

3. Specific types of diabetes due to other causes, e.g., monogenic 
   diabetes syndromes (such as neonatal diabetes and maturity-onset 
   diabetes of the young), diseases of the exocrine pancreas (such as 
   cystic fibrosis and pancreatitis), and drug- or chemical-induced 
   diabetes (such as with glucocorticoid use, in the treatment
   of HIV/AIDS, or after organ transplantation)

4. Gestational diabetes mellitus (diabetes diagnosed in the second or 
   third trimester of pregnancy that was not clearly overt diabetes 
   prior to gestation)
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Precision Medicine???

After >3000 years of combined Eastern and Western 
medical care, the major advance in precision 
medicine has been the separation of Type 1 and 
Type 2 diabetes, recognizing their different 
etiologies, pathophysiology and treatments.
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Current Diabetes Epidemiology-US

T1D ~1.5 million
GDM- ~10% of 
   pregnancies 
   (~350,000) 
T2D ~37 million

T2DM ~37 million

GDM
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Currently, >99%  patients with “Type 2 diabetes” 
are treated as if they have the same disease 
despite aspirational intentions.

Precision Medicine???

ADA Standards of Care in Diabetes-2024  



©2024David M. Nathan

First Consensus Algorithm

Diabetologia
2009; 52:17-30
Diabetes Care
2009;32:193-203

First published 2006, revised
Almost no mention of 

individualization of treatment 
of type 2 diabetes.
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Diabetes
Care
2024

ADA Algorithm-2024

The current attempts 
to target therapy are 
based on co-
morbidities and 
newly identified 
attributes of diabetes 
medications 
(discovered 
accidentally and not 
by design). 
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Current Approaches to 
Precision Medicine

Best examples to date:
Treatment of MODY1 and MODY3 (HNF4  and HNF1 ) with 
sulfonylureas and no need to treat MODY2 (GCK) outside of 
pregnancy. MODY1-3 represent >90% of monogenic DM, but <1% T2.

RADIANT -  NIDDK sponsored study to examine atypical forms of T2

Heterogeneity of T2DM- RFA DK-23-019 “Integration of Novel 
Measures for Improved Classification of Type 2 Diabetes”
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Current Diabetes Epidemiology-US
Best Case Scenario

for individualized therapy in 2024

• ~15% with CVD/CKD

• <1% with MODY 1-3

Currently, most phenotyping 
that directs precision medicine 
in T2DM occurs after morbidity 

has occurred.

GDM

T2DM ~37 million

Majority of T2DM not helped 
by precision medicine.
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More Sensible Approaches to 
Precision Medicine

Step 1: Recognize and identify heterogeneity of “Type 2 diabetes”
             Subtypes by:

a) Genetics
b) Demographics
c) Phenotyping

i. Pathophysiology
ii. Outcomes 

d) AI approaches
Step 2: Apply interventions across different subtypes to       

    determine whether different therapies have differential  
    effects across sub-types.

Step 1: Recognize and identify heterogeneity of “Type 2 diabetes”
             Subtypes by:

a) Genetics
b) Demographics
c) Phenotyping

i. Pathophysiology
ii. Outcomes 

d) AI approaches
Step 2: Apply interventions across different subtypes to       

    determine whether different therapies have differential  
    effects across sub-types.
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Current Approaches to 
Precision Medicine

Best genetic examples to date:
Treatment of MODY1 and MODY3 (HNF4  and HNF1 ) with 
sulfonylureas and no need to treat MODY2 (GCK) outside of pregnancy. 
MODY1-3 represent >90% of monogenic DM, but <1% T2.

However, the vast majority of T2 is polygenic.

RADIANT - NIDDK sponsored study to examine “atypical” forms of T2.

Heterogeneity of T2DM- RFA DK-23-019 “Integration of Novel Measures 
for Improved Classification of Type 2 Diabetes”.

Future Approaches to 
Precision Medicine



©2024David M. Nathan

1. Recognize and identify heterogeneity of “Type 2 diabetes”
     Subtypes by:

a) Genetics- pathogenesis and response to therapy
b) Demographics
c) Phenotyping

i. Pathophysiology
ii. Outcomes 

d) AI approaches
2. Apply interventions across different subtypes to determine  
     whether different therapies have differential effects across  
     sub-types.

More Sensible Approaches to Precision Medicine
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More Sensible Approaches to Precision Medicine
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Some Genetic Data on Response to Treatments

• Challenged 1000 patients with metformin and glipizide 
• Examined almost 1000 genetic sites associated with diabetes 

development or glycemic traits
• Genome-wide analysis identified 5 novel variants associated with 

greater responses to metformin (3) and glipizide (2) 
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Some Genetic Data on Response to Treatments

SUGAR-MGH

Identification of Genotypes Associated with Metformin Response

rs111770298

• Reduced response to metformin
• In DPP, associated with higher HbA1c over time

~10 mg/dL
difference in 

FPG
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•Nature Medicine Published: 05 March 2024

More Genetic Data on Risk for Developing T2D

https://www.nature.com/articles/s41591-024-02865-3#article-info
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1. Recognize and identify heterogeneity of “Type 2 diabetes”
     Subtypes by:

a) Genetics
b) Demographics
c) Phenotyping

i. Pathophysiology
ii. Outcomes 

d) AI approaches
2. Apply interventions across different subtypes to determine  
     whether different therapies have differential effects across  
     sub-types.

More Sensible Approaches to Precision Medicine

Challenges: Even if understanding 
the relationship between genotypes 
and diabetes sub-types and potential 
response to specific medications is 
progressing, genotyping is far from 
widely available. 
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More Sensible Approaches to Precision Medicine

1. Recognize and identify heterogeneity of “Type 2 diabetes”
     Subtypes by:

a) Genetics
b) Demographics
c) Phenotyping

i. Pathophysiology
ii. Outcomes 

d) AI approaches
2. Apply interventions across different subtypes to determine  
     whether different therapies have differential effects across  
     sub-types.

Challenges: Most trials have 
historically not been diverse 
enough to provide adequate power 
across racial/ethnic/sex groups. 
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More Sensible Approaches to Precision Medicine
Lack of Diversity in Diabetes Trials- NEJM 2021-24

Medications Study Pop 
#

Demographics (% Race)
White              Black            Asian           AI/AN

Wharton GLP 272 94                      6                   0                  0

Rosenstock (ONWARDS) Icodec 984 67                      4                 28                11

Harrington (EMPA KIDNEY) Empagliflozin 6,609 59                      4                 36

Bhatt (SOLOIST-WHF) Sotogliflozin 1222 93                      4                   1

Bhatt (SCORED) Sotogliflozin 10,584 83                      3                   6                  4

Frias (SURPASS 2) Tirzepatide 1879 83                      4                   1                11

Solomon (DELIVER) Dapagliflozin 6263 71                      3                 20

Arslanian (AWARD-Peds) Dulaglutide 154 55                     15                12                10

Gerstein (AMPLITUDE O) Efpeglenatide 4076 87

Pitt (FIGARO-DKD) Finerone 7437 72                       3                20

Nathan (GRADE) Comp. effect 5047 66                     20                 4                   3

Total 35,810 29,730 (83%)  1196(4%)   6049(17%)   753(2%)  Total                                                                         40,857              33061 (81%)   2185 (5%)  6231(15%)    854(2%)
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Remarkably (unfortunately) Little Data on 
Responsiveness to Therapies Based on Easily 
Available Demographic, Social and other Data

Of the 11 high-quality, high-profile intervention studies in T2DM 
published in NEJM during the past three years:

• None of the pharma-sponsored studies included a diverse 
enough population to examine subgroups defined by race

• Only the NIH-sponsored GRADE study- the comparative 
effectiveness study of insulin glargine, the GLP liraglutide, 
sulfonylurea glimepiride and DPP-4 inhibitor included a 
diverse enough population to attempt sub-group analyses.
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More Sensible Approaches to 
Precision Medicine

1. Recognize and identify heterogeneity of “Type 2 diabetes”
     Subtypes by:

a) Genetics
b) Demographics
c) Phenotyping

i. Pathophysiology
ii. Outcomes 

d) AI approaches
2. Apply interventions across different subtypes to determine  
     whether different therapies have differential effects across  
     sub-types.

Challenges: beyond limited data, 
phenotyping not easily/clinically 
available or affordable at this time.

For example: classify T2 on the 
basis of secretory defects vs. 
resistance.
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More Sensible Approaches to 
Precision Medicine

1. Recognize and identify heterogeneity of “Type 2 diabetes”
     Subtypes by:

a) Genetics
b) Demographics
c) Phenotyping

i. Pathophysiology
ii. Outcomes 

d) AI approaches
2. Apply interventions across different subtypes to determine  
     whether different therapies have differential effects across  
     sub-types.
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Diverse Study

GRADE was designed to help guide the choice of glucose-lowering 

medications that would be added to metformin based on:

•   Effect on A1c 
•   Duration of effectiveness
•   Effects on complications
•   Tolerability 
•   Adverse effects

• Study results would facilitate individualization of therapy
• Address cost-benefit

Aimed to recruit a diverse population, mirroring the 
population with type 2 diabetes in the United States.
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Diverse Study
Age

Mean 57 + 10 y

Race Ethnicity
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Sub-group Analyses

Pre-defined Sub-groups

We conducted separate subgroup analyses for race 
(White, Black, and all Others) and for ethnicity (Hispanic 
versus Non-Hispanic).

HbA1c was the only heterogeneous factor as defined by 
tertiles (6.8-7.2%, 7.3-7.7%, 7.8-8.5%)

To date, no differences in response to therapies based on 
demography.

Ongoing analyses to examine whether genetic factors or 
physiologic factors moderate responses to therapies.



Precision (or Personalized) Medicine

Diabetologia 2020; 63:1671
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