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OBJECTIVES

1. Review current evidence from randomized controlled trials aimed to 
prevent diabetes in high risk individuals.

2. Review current guidelines for the diagnosis and management of diabetes. 



✓Both insulin resistance and pancreatic β-cell dysfunction are the key initiating 
physiologic events for development of T2D

✓ Genetic mutations and/or polymorphisms on a genomic scale

✓Environmental factors 





Diabetes
✓ 34.2 million people of all ages—or 10.5% of the US population with diabetes 

by 2018.

✓Worldwide 463 million people had diabetes 2019.

✓Prevalence of Diabetes in Puerto Rico 16.7% as per BRFSS 2019.

Prediabetes 

✓88 million people aged 18 yrs or older have prediabetes (34.5% of the adult US 
population)

Centers for Disease Control and Prevention. National Diabetes Statistics Report. Atlanta: 
Centers for Disease Control and Prevention; 2017
National Diabetes Statistics Report 2020





The total direct 

and indirect 

estimated costs of 

diagnosed 

diabetes in the 

United States in 

2017 was

$327 billion!



Quattrocchi E, Goldberg T, Marzella N. Drugs in Context 2020



PREDIABETES SCREENING

Diabetes Care Volume 43, Supplement 1, January 2020



WHAT ARE THE GOALS FOR PREDIABETES 
PREVENTION?

Preventing or delaying the onset 
of diabetes

Preserving ß-cell function

Preventing or delaying 
microvascular and cardiovascular 

complications

Improving patient’s quality of life

Reducing costs of diabetes care



CLINICAL TRIALS FOR DIABETES
PREVENTION



THE DIABETES PREVENTION PROGRAM

✓ 3234 USA patients with prediabetes (mean age, 51yrs); BMI 34 kg/m2.

( Placebo or lifestyle or metformin)

✓ 7% weight loss reduced the cumulative incidence of diabetes from 29% to
14% over 3 years compared with placebo .

✓The cumulative incidence of T2D was reduced by 58% in the lifestyle
intervention group and 31% in metformin as compared to the control group.

✓16% reduction in diabetes risk for every kg reduction in weight.



THE FINNISH DIABETES PREVENTION STUDY 
(FDPS)

✓522 middle-aged overweight subjects with IGT ,randomized to either a usual
care control group or an intensive lifestyle intervention group.

✓5% reduction in weight decreased the incidence of newly diagnosed DM2 from
23% to 11% over 3 years.

✓The intervention involved a reduction in total and saturated fat intake to less
than 30% and10% of energy consumed. High fiber intake and moderate exercise
for 30 min/day

✓ Difference in weight reduction between the groups was 3.5 and 2.6 kg at 1 and
3 years. The risk reduction was 58% in the intervention group compared to the
control group.



THE CHINESE DA QING STUDY

✓577 IGT individuals in 33 study clinics that were randomized to control,
exercise, healthy diet, and healthy diet plus exercise clinics. F/U 6 yrs.

✓Individuals were normal weight or overweight at baseline, and the reduction
in total energy intake was 100–240 kcal depending on the intervention.

✓ Risk of diabetes ↓33% in the diet-only group, 47% in the exercise-only group
and 38% in the diet-plus-exercise group as compared to the control group,
without significant differences between the intervention groups.



Randomized controlled trials investigating the effect of lifestyle 

changes on type 2 diabetes risk.



SUSTAINED REDUCTION IN CONVERSION TO 
TYPE 2 DIABETES 

39%↓

27% reduction  
in lifestyle 
intervention 
group at 15yrs



Prevention of Type 2 Diabetes by Lifestyle Changes:A Systematic Review 
and Meta-AnalysisMatti Uusitupa 1,* , Tauseef A. Khanet etal. Nutrients 2019, 11, 2611



METFORMIN

✓DPP, metformin was as effective as lifestyle modification in participants with BMI
≥35 kg/m2 ,but not significantly better than placebo in patients ≥60 years of age.

✓For women with a history of GDM, metformin and intensive lifestyle modification
led to an equivalent 50% reduction in diabetes risk , and both interventions
remained highly effective during a 10-year follow-up period.

✓Follow-up (DPPOS), exploratory analyses demonstrated that participants with a
higher fasting glucose(≥110 mg/dL ) and women with a history GDM experienced
higher risk reductions with metformin.



CELL METABOLISM REVIEW| VOLUME 20, ISSUE 6, P953-966, DECEMBER 02, 2014





72%↓



Pioglitazone Therapy in Patients With Stroke and Prediabetes: A 

Post Hoc Analysis of the IRIS Randomized Clinical Trial

JAMA Neurol. 2019;76(5):526-535. 

doi:10.1001/jamaneurol.2019.0079

Activation of peroxisome proliferator 
activated receptor (PPAR) - and gamma: 
modulation of gene expression

Improvement of insulin sensitivity , lipid and 
protein metabolism, vascular endothelial 
function, inflammation , fat distribution

Hypothesis that pioglitazone reduces 
stroke and MI in nondiabetic patients with 
insulin resistance. 

Proactive Trial

Primary Outcome Stroke 
and MI HR: 0.76;95% Cl: 
0.62-0.93;p=0.007 (24%↓)

Secondary Outcome-Progression 
to Diabetes Hazard Ratio 
0.48;95%,Cl 0.33-
0.69;p<0.001(52%↓)





Weight loss medications and diabetes prevention 

Mechanism of Action Study Outcomes 
Cardioprotective

Features

Phentermine/
Topiramate
(Qsymia)

1. Phentermine

2. Topiramate

Guo et al. 

3,040 participants

The authors pooled data 

from three RCTs

(CONQUER, SEQUEL, and 

EQUIP). 

The 1-year risk of incidence of 

diabetes in the

treatment vs placebo groups 

was 0.67% vs

1.51% for those at low risk, 

2.37% vs 4.67%

for those at moderate risk, 

and 6.29% vs

10.43% for those at high risk

No studies have been 
conducted for 
cardioprotective features 
of.

Teratogenic potentials 
and elevations in heart
rate are possible 
concerns.



Non glucose-lowering therapies and 

diabetes prevention 



Antihypertensive medications on 

diabetes prevention



Statin therapy and diabetes 

prevention



Diabetes 
Prevention

Vitamin 
D3

Smoking

Cessation

Gut
MicrobiomeDiet

Bariatric 
Surgery







Background

✓ SGLT-2 inhibitors are glucose-lowering medications that work by inducing glucosuria. They 

also improve insulin actin and secretion and don’t increase the risk of hypoglycemia.

✓ DAPA-HF was the first trial to show the effectiveness of an SGLT-2 inhibitor (Dapagliflozine) to 

improve clinical outcomes in patients with HF with reduced ejection fraction (HFrEF) with 

/without T2D.

✓ The trial was sought to determine wether dapagliflozin could reduce the incidenceof new 

onset T2D in patients without diabetes. 

✓ Incident diabetes: hbA1C ≥6.5% on 2 consecutive study visits or a diagnosis of T2D by his 

PCP. 













✓ FPG or OGTT was not assessed

✓ Findings apply only to patients with HFrEF

✓ In this trial , due to strong effect of primary outcome, f/u 

18 months

✓ Diabetes was not retested after drug withdrawal

Limitations



We have have multiple studies that conclude that T2D is preventable by changing lifestyle and weight reduction. 

The risk reduction of T2D is strongly related to the degree of long-term weight loss and adherence to lifestyle 

changes, and this preventive effect has been demonstrated to sustain for many years after active intervention.

A diet moderate in fat, low in saturated fat intake, rich in fiber, whole grains, and fruit and vegetables, as well as a 
Mediterranean-type diet(PREDIMED trial), may be recommended for theprevention of T2D in prediabetes.

There is still limited/insufficient evidence that the prevention of T2D by changing lifestyle may also prevent CVD or 
microvascular diseases.



DIABETES DIAGNOSIS





✓ The A1C test should be performed using a method that is certified by

the NGSP and standardized or traceable to the Diabetes Control and

Complications Trial (DCCT) reference assay.

✓ The A1C test, with a diagnostic threshold of ≥6.5% , diagnoses only 30%

according to National Health and Nutrition Examination Survey.

✓ Compared with FPG and A1C cut points, the 2-h PG value diagnoses

more people with prediabetes and diabetes .

Diabetes Testing



International standardization of the A1C assay has decreased potential technical 
errors in interpreting A1C results.

A1C values are influenced by red cell survival. 

Falsely high levels for iron, vitamin B12, or folate deficiency anemia.

Falsely low A1C values. In patients with hemolytic anemia, patients treated for 
iron, vitamin B12, or folate deficiency, and patients treated with erythropoietin.

Several studies have shown that A1C concentrations are higher in some ethnic 
groups (African American, Hispanic, Asian)

Sources of error of A1C interpretation





Recommendations ADA for Type 1

2.4 Screening for type 1 diabetes risk

with a panel of islet autoantibodies is

currently recommended in the setting

of a research trial or can be offered as

an option for first-degree family

members of a proband with type 1

diabetes. B

2.5 Persistence of autoantibodies is

a risk factor for clinical diabetes and

may serve as an indication for

intervention in the setting of

a clinical trial. B

Autoimmune markers

Islet cell autoantibodies 

Autoantibodies to GAD 

(GAD65), Insulin, the 

tyrosine phosphatases IA-2 

and IA-2ß and zinc 

transporter 8 .

Type I Diabetes Diagnosis (5-10%) 



✓ Onset of hyperglycemia usually at an
early age( before 25).

✓ Characterized by impaired insulin
secretion with minimal or no defects in
insulin action.

✓ A diagnosis of MODY should be
considered in individuals who have
atypical diabetes and multiple family
members with diabetes not
characteristic of type1 or type 2
diabetes.

Maturity-Onset Diabetes of the Young (MODY) 

J Pediatr Endocr Met 2015; 28(3-4): 251–263



DIABETES MANAGEMENT



Personalized Therapy by Phenotype and Genotype
Valeriya Lyssenko1,Cristina Bianchi3 and Stefano Del Prato;
Diabetes Care 2016 Aug; 39(Supplement 2): S127-S136

Pathophysiology of DM type 2



Risk of retinopathy, peripheral neuropathy, diabetic nephropathy, CKD (defined as eGFR <60 

mL/min/1.73 m2), PAD, and MI per 1 mmol/L (18 mg/dL) higher observational and causal glucose 

levels. 

Frida Emanuelsson et al. Dia Care 2020;43:894-902
©2020 by American Diabetes Association



A Broader View of Complications and Diabetes

Implications of Historic CV Outcome Trials



MICROVASCULAR VS MACROVASCULAR COMPLICATIONS

✓ Traditional anti-hyperglycemic medications reduce BOTH blood sugar and  
microvascular complications

✓ There was NOT evidence to support that traditional anti-diabetes medications 
reduced macrovascular complications

✓Episodes of hypoglycemia can actually INCREASE CV risk

Acharya, et al.JAAC.2018



Reliable data are difficult to find, 

but the prevalence of CVD in 

the population with diabetes is 

~18%

(Review of 57 epidemiologic 

studies with 4,549,481 with DM 2)

Myocardial infaction 10%

Stroke                            7.6% 

Einarson et al
Cardiovasc Diabetol 2018;17:8



Diabetes and risk factors for HF

✓ In the Framingham Heart Study, T2D increased the risk of HF incidence by two-

fold in men and four-fold in women, after adjusting for other CV risk factors.

✓ With each 1% increase in HbA1c, the risk of HF increases by 8–32%.

✓ In recent trials, concomitant diabetes in patients with HF has shown an

increased risk of death.

Diabetes 2010 Aug; 59(8): 2020-2026



The ADA recommends 

evaluating cardiovascular risk 

factors in patients with T2D 

annually. 

✓ obesity (BMI >30 adult, 

>95th% in children),

✓ Hypertension

✓ Hyperlipidemia,

✓ Smoking

✓ Chronic kidney disease

✓ Presence of albuminuria

✓ Family history of premature 

coronary disease



Rosiglitazone and CV Risk

✓ Approved in 2000 for DM2

✓ CV risk timeline (before 2013)

▪ 2007 : Rosiglitazone reported to show a statistically 

significant increase in risk of MI vs placebo

▪ 2008: Varios meta-analysis show increased CV risk for 

rosiglitazone

▪ 2010:EMA and FDA evaluate Safety



Overview of CVOT’s of Glucose-

Lowering Drugs 



Glucose Lowering-Drugs 

Used In CVOT’s



DPP-4 inhibitors



Cardiovascular Outcome Trials for DPP4 Inhibitors



SAVOR-TIMI 53, EXAMINE, and TECOS: 

Hospitalization for Heart Failure 



Current Recommendations of DPP4-inhibitors as per Renal Status 



SGLT-2 inhibitors



Diabetes Ther (2019) 10:1771–1792







Current Recommendations for use of SGLT-2 

inhibitors as per Renal Status

100mg dose ≥30300 mg dose GFR ≥60

GFR≥30

GFR≥45

GFR≥60



















FDA granted  SGLT2i’s additional 

CV Indications

In adults with T2DM + established CVD…

✓Empagliflozin ↓ risk of CV death 

✓Canagliflozin ↓ risk of MACE 

✓Canagliflozin ↓ risk of ESKD 

✓Dapagliflozin ↓ risk of HHF



Cardiovascular Diabetology volume 13, Article number: 142 (2014

GLP-1 agonists



Liraglutide Supresses Cytokine Reduction in Isolated Human 

PBMCs in 8 weeks 



Semaglutide Reduces Systemic 

Inflammation  as measured by CRP



Dosing Characteristics Of GLP-1RA 

Sheahan KH, et al. Postgrad Med J 2020;96:156–161.



Key Characteristic and CV Outcomes of GLP-1 RA CVOT’s 

Sheahan KH, et al. Postgrad Med J 2020;96:



Cardiovascular Benefits of GLP-1RA





FDA has granted Liraglutide, 

Semaglutide, and Dulaglutide

Additional CV Indications

In adults with T2DM + 
established CVD…

Liraglutide → ↓ MACE

Semaglutide → ↓ MACE

In adults with T2DM + 
established CVD or high CV 

risk



Consensus of Diabetes Organizations: 

Diabetes Management











ADA Standards in Medical Care Diabetes-2020















Step 1: Assessing overall health Step 2: Identify HbA1c and glucose targets 

Key Recommendation for Overall Health 

Assessment (Endocrine Society)







Types of Insulin Therapy

Insulin Pump Therapy



A schematic representation of the effects of early intensive glycemic control in preventing initial microvascular complications and then 

macrovascular complications several years later. Failure to initially control and maintain glycemia at diagnosis or sustained glycemic 

variability leads to the dysglycemic legacy of diabetes complications.

Diabetes Care 2019 Mar; 42(3): 349-351

For every 

absolute 10% 

change in %TIR, 

there was a 

0.8% change in 

HbA1C.



DEXCOM G6 GUARDIAN 3 Freestyle Libre 2 Eversense

Days of sensor wear 10 7 14 90

Integration with pump Tandem t:slim Control-IQ 

(and older Basal-IQ)

Yes and No:
The Guardian 3 is part of the 
670g hybrid closed-loop 
insulin pump system.
The Guardian Connect is a 
stand alone CGM that does 
not connect to any pump.

No No

Cost Transmitter: $300 every 90 

days

Sensors: $420 for 30 day 

supply

Receiver (not necessary if 

using smartphone): $380 

one time purchase

Rechargeable Transmitter: 

$1100 (1 year warranty, 

may last longer)

Sensors: $450 for box of 5 

(35 day supply)

Sensors: $135 for 28 day 

supply

Reader (not necessary if 

using smartphone): $175

$1400 for sensor, 

transmitter, and supplies, 

plus cost of insertion in 

doctor’s office.

Limited time Eversense

Bridge program limits the 

cost to $99 plus insertion

Smartphone
integration

Android, iOs, Apple Watch Android, iOs Android, iOs Android, iOs, Apple Watch

Data sharing Up to 10 people with 

Dexcom Follow app 

(Apple, Google

Up to 4 people with 

CareLink™ Connect web 

app (Apple, Google)

Up to 20 people with 

LibreLinkup app (Apple, 

Google)

Up to 5 people with 

Eversense Now app

Separate receiver 
available

yes No Yes No

Water resistance 8 feet for up to 24 hours 7.5 feet for 10 minutes 3 feet or for 30 minutes 1 meter (about 3 feet) for 

30 minutes





A CHANGING PARADIGM IN CARING FOR PATIENTS WITH 
TYPE 2 DIABETES AND CLINICAL CVD

Medication NNT to prevent a 

Death

Statins (for 5 years) 100

Anti-hypertensives (for 5 years) 125

Empagliflozin (for 3 years) 39

Liraglutide (for 3 years) 98

These benefits of GLP-1 receptor agonists and SGLT2

inhibitors emerged in trials were the drugs were added

(versus placebo) in patients with CVD and an A1c >7%.

Krumholz, H and Lipska, K. JAMA. 2017 March 14; 317(10): 1017–1018







Clinical Inertia



✓ Effective ways to prevent diabetes include both lifestyle modification and drug therapy tailored to the 

individual. 

✓ Glycemic control remains the central pillar of therapy; maintenance of blood glucose within a tight target range 

has well-established benefits on microvascular disease and if achieved early, the potential for macrovascular 

benefit over the long-term. 

✓ Understanding of the underlying pathophysiology of T2DM, particularly cardio-renal-metabolic interplay, can 

allow a more rational approach to management. 

✓ Newer therapies may be used to target specific physiological dysfunctions, maximizing the overall benefit to 

the patient in terms of body weight, adverse effects and cardiovascular risk factors

✓ The appropriate choice and timing of combination therapy as well as following treatment guidelines can 

optimize care for the individual patient.

Conclusion



Hope 

Smiles 

from the 

threshold 

of the 

year to 

come

Alfred Lord 

Tennyson


