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Number (in Millions) of Civilian, Non-Institutionalized Persons
with Diagnosed Diabetes, United States, 1980-2014

Diabetes is becoming more common in the United States. From 1980 through 2014, the
number of Americans with diagnosed diabetes has increased fourfold (from 5.5 million to
22.0 million).
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Projecting the Future Diabetes

31.4 32.7
28.7 29.6
25.6
23.2
20.4

17.5
14.5 I
I i i i i i i i i

2010 2015 2020 2025 2030 2035 2040 2045 2050

N -
=
S __
c X2
o<
59
=
a 3
o'®
=)
)
-}

Boyle JP, et al. Popul Health Metr. 2010;8(29):1-12.
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April 7 is WHO’s annual World Health
Day, which celebrates WHO’s founding
in 1948

» +|n 2014, 422 million adults (8.5% of the
population) had diabetes, compared with 108
million (4.7%) in 1980.

‘Many diabetes related deaths (43%) occur
prematurely, before age 70 years, and are
largely preventable through adoption of
policies to create supportive environments for
healthy lifestyles and better detection and
treatment of the disease

Accessed 04/06/2016 ,http://www.mdlinx.com/washington-report/index3.cfm
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Long-term Complications of Diabetes
Consequences of Sustained Hyperglycemia

Leading cause

of blindness .2' to 4'f°|.d
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Cardiovascular

_ Disease
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of end-stage

renal disease Diabetic
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Leading cause of nontraumatic
lower extremity amputations

National Diabetes Information Clearinghouse. At: http://www.niddk.nih.gov/health/diabetes/pubs/dmstats/dmstats.htm
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Overview of the Diabetes Epidemic
in the United States

~9-11% of the population have diabetes
/ million are undiagnosed

Centers for Disease Control and Prevention estimates
that 1 in 3 adult Americans will have diabetes by 2050

Type 2 diabetes

— Associated with obesity, older age, decreased physical
activity, and race/ethnicity

— Incidence in children and adolescents is increasing

Source: CDC. http://www.cdc.gov/diabetes/statistics/prev/national/figageadult.htm.
Accessed June 23, 2011.
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Glimmer of Hope

 After more than doubling from 1990 to 2008,
age-adjusted diabetes incidence among adults

aged 18 to 79 years dropped between 2008 and
2014, from 8.5 to 6.6 per 1000.

But according to IDF atlas, United States still
has highest prevalence of diabetes among

developed nations: 11% of population aged 20 to
79 years

IDF Atlas, 7t edition 2015
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Cost of Diabetes, 2012

Estimated national cost of diabetes in 2012
$245 billion
$176 billion (72%) direct health care expenditures
$69 billion (28%) lost productivity from
work-related absenteeism, reduced productivity
at work and home, unemployment from chronic
disablility, and premature mortality.

American Diabetes Association. Diabetes Care. 2013;36:1033-46
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Change from 2007-2012

Increase of $43 billion reflects:
1) 27% growth in diabetes prevalence,
2) changing demographics of people with diabetes,

3) growth in the utilization of certain types of health care
services for treating diabetes and its comorbidities such
as increased use of prescription medications and
advanced treatment for cardiovascular disease,

4) rising prices for medical goods and services above
general rate of inflation,

5) refinements to data and methods used to calculate
cost of diabetes.
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Impact of Diabetes in America

During the next hour:

A. 20 Americans will be diagnosed with diabetes.
B. 120 Americans will be diagnosed with diabetes.
C. 220 Americans will be diagnosed with diabetes.
D. 520 Americans will be diagnosed with diabetes.

During the next hour, 220 Americans
will be diagnosed with diabetes.

Source: NIDDK, National Diabetes Statistics Fact Sheet. HHS, NIH, 2010.
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Impact of Diabetes in America
(cont.)

» Diabetes is leading cause of kidney failure,
accounting for 44% of all new cases of kidney
failure in 2008.

In 2008, 48,374 people with diabetes began
treatment for end-stage kidney disease.

In 2008, a total of 202,290 people with end-
stage kidney disease from diabetes were
living on chronic dialysis or with a kidney
transplant.

Source: NIDDK. http://diabetes.niddk.nih.gov/dm/pubs/statistics/#Kidney.
Accessed June 23, 2011.

These slides are the intellectual property of the presenter and the University of Washington and may not be used without permission.




What Was the Proportion of National
Health Care Expenditures Devoted
to Diabetes Care in 2007?

A. 10%
B. 15%
C. 20%
D. 25%
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What Was the Proportion of
Medicare Expenditures Devoted
to Diabetes Care in 20077

. 15%
. 20%
. 27T%
. 32%

(Test strips cost $1 billion/year in 2006, 1.7 billion in
2010!)
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Annual Health Care Costs
for Patients With and Without Diabetes

14,000

$13,243

B

Without Diabetes With Diabetes

Source: Centers for Disease Control and Prevention Web site, 2006.
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Chefs’ Estimates of Serving Sizes

Condrasky M, et al Obesity 2007;15: 2086—2094
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hp2010.nhlbihin.net/portio
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From Seattle Times,
June 12, 2011:
Changes from 1970
to 2008

Sugar: 402 to 459 cal/day
Fat: 410 to 641 cal/day
Grains: 432 to 625 cal/day
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Myths that get
in our way

easons peaple say they don’t
hoose "healthy food™
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It"s hard
to prepare

Source” Food Marketing institute
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TV’s influence

Foods advertised on Saturday
morning television

Other Bewverages
13% 10%

. Cereal and
Restaurants

- cereal bars
19%

27%

Candy —™4 i

14% L Shack foods
18%

Wote: Numbers da not add up

o 100 due ta rounding.

Source: Center for Science

i the Public Interest

A, RAYMOND/THE SEATTLE TIMES
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What Doctors Say...

“Eat healthy, drink in N
moderation, and be %‘CB
conscientious regard-

ing blood sugar

testing...”

“Eat...drink...and be merr
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Treatment Options

* Nutritional
* Physical activity
- Pharmacological
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Classification

 Unusual diabetes:

— Monogenic: MODY,
MIDD

— Pancreatic:

» Two major forms:
— Type 2
— Type 1

* Other: Tropical
— Gestational pancreatitis

— Chemical (steroid) Autoimmune

pancreatitis
— Cystic fibrosis
— Post transplantation

— Endocrinological
— LADA
— Type 1.5
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Cumulative Incidence of Diabetes

from Three U.K. Birth Cohorts
Progressive Left Shift in Age of Onset

L g
i

on

=

ad
—

2

—l

Q
Q
c
o
4]
>
D
O
Q
=
—_—
1Y
=
-
-
O

=

I .

2 4 6 8 10 12 14 16 18 20 22 24
Age in years

Gale EM. Diabetes. 2002;51:3353-3361.
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The Faces of Type 1 Diabetes
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Type 1 Diabetes: Not Just for Kids

« 20% of patients with type 1 diabetes develop
the disease after the age of 30.

« There are variants with more latent onset.

- |t follows a very waxing and waning course in
terms of autoimmune antibody status.
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Natural History of Type 1 Diabetes

Genetic Risk Environmental Insult

Autoimmune Attack
Normal

Islet

Onset “Pre-Clinical Period”
Clinical
Diabetes

Time (Months or Years)
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Desailloud R, Fajardy |, Vambergue A, Prevost G, Pigny P, Fontaine P. Diabetes
Metab. 2000;26:353-360.
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Type 2 Diabetes

Can occur at any age T/F

90% of all diabetes  T/F

Major public health problem for America’s ethnic

minorities

— American Indians, Hispanics, Asian Americans,
African Americans

Two problems: resistance to insulin and insulin
deficiency in the face of insulin resistance

No immune markers, no good physical marker of
iInsulin resistance
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Table 1 | Genetic varianis assaciated with TZ2DM at or near genome-widea levals of statistical significance®
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Associated with Prevention
of Type 2 Diabetes

Increased fiber and cereal grains
Dairy

Vitamin D

Alcohol

Caffeine

Mediterranean diet
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Associated with Increased
Risk for Type 2 Diabetes

« Lack of sleep
* Smoking
« Lack of exercise
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Type 1.5 Diabetes (cont.)

Distinct from LADA

Phenotypically appears more like type 2
diabetes

— Obese, insulin resistant

However, one of Abs is positive, suggesting
autoimmune [3-cell destruction

Best therapy unclear, although UKPDS data
show >90% of these patients require insulin
after 6 years
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Diagnostic Criteria
In Non-Pregnant People

Fasting glucose: >125 mg/dL on two separate
days

Blood glucose 2 hours after 75 g load: >200
mg/dL

Random blood glucose: 2200 mg/dL and
symptoms of hyperglycemia

Hyperglycemia and acute decompensation
A1C
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A1c Measurement

- Considered the gold standard for
measurement of glycemic control

* Not patient dependent

« Serves as surrogate for risk of both
microvascular as well as macrovascular
complications
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Estimated Average Glucose (eAG)

Table 2— Estitnated average glhicose ° 507 SubjeCtS 2700
glucose points

DM1, DM2, non-DM

A1 (%) A1c matched to 3
97 (76-120) days/wk 7 point
126 (100-152) fingerstick, min 2
154 (123-185) days/mo continuous
183 (147-217) glucose sensor (blinded)
212 (170-249)
240 (193-282)
269 (217-314)
298 (240-347)

Drata i parentheses are 95%0 Cls.
Nathan D, et al. Diabetes Care 2008: 31;1473-1478.

" Linear regression e A Gl ma’d = 287 X AT1C —467,
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What Alters A1C

Hematologic conditions Disease States

Anemia HIV infection
Accelerated erythrocyte Uremia

turnover | Hyperbilirubinemia
Thalassemia Dyslipidemia
Sickle cell disease Cirrhosis

Reticulocytosis Hypothyroidism*
Hemolysis Medical Therapies
Physiologic States Blood transfusion
Aging Hemodialysis
Pregnancy Miscellaneous
Drugs/Medications Glycation rate
Alcohol Protein turnover
Opioids Race and ethnicity*
Vitamin C Mechanical heart valves*
Vitamin E Laboratory assay
Aspirin ] ] :
Erythropoetin In a typical primary care practice, there are LOTS
Dapsone of reasons why A1C may be falsely low (or high);
Ribavirin in the DCC 15-25% of patients A1C “doesn’t

work”
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Complications of Diabetes
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How Often Does Hypoglycemia
Occur in Diabetes?

M Daily to about 1/wk

1/mo to several
times/mo

B Only a few times/y or
very rarely
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T1DM T2DM

Wk, week; mo, month; T1DM, type 1 diabetes; T2DM, type 2 diabetes; NSHE, non-

severe hypoglycemic events
Survey 409 US patients with T1IDM (n = 200) and with T2DM (n = 209)
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Brod M, et al. Value Health. 2011;14:665-671
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When Does Hypoglycemia
Occur with Diabetes?

B Awake and at Work

Awake but Not at
Work

- B During Sleep at Night

1/5 of all nonsevere hypoglycemia occurs nocturnally

Survey 409 US patients with TIDM (N=200) and with T2DM (N=209)

Brod M, et al. Value Health. 2011;14:665-671 NSHE, non-severe
hypoglycemic events
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Potential Complications of Hypoglycemia

Central Nervous System Heart

Cognitive Dysfunction Cardiac arrhythmias
Intellectual Decline Myocardial ischemia

Coma Eye
Brain Damage Vitreous Hemorrhage

Seizure Worsening of
Focal Neurological retinopathy?
Lesions (Rare) Other

TIA, Stroke Falls
Accidents with

injury
Cryer PE, et al. Diabetes Care. 2003;26:1902-1912.
Desouza CV, et al. Diabetes Care. 2010;33:1389- TIA, transient
1394 ischemic attack
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Temporal Trends
in Diabetic Kidney Disease

Figure. Prevalent Cases of Diabetic Kidney Disease in the United States

All diabetic kidney disease Albuminuria only
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de Boer IH, Rue TC, Hall YN, Heagerty PJ, Weiss NS, Himmelfarb J. JAMA.
2011;305:2532-2539.
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Figure 1—Cumulative incidence of diabetic nephropathy in 600 type 1 diabetic patients with
onset of diabetes from 1965 to 1969 (n = 113, group A [O]), 1970 to 1974 (n = 130, group B
(@), 1975 to 1979 (n = 113, group C [[1]). and 1979 to 1984 (n = 244, group D [A]). P <
0.001, log-rank test, pooled over strata. Not all patients in group I} have yet been followed for 20
years. For pairwise log-rank test over strata after 20 years of diabetes, see RESULTS.

Hovind P, et al Diabetes Care 2003; 26:1258—-1264
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Between 1996 and
2008,NLEA rates

decreased by
67%.
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Optic cup/
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Diabetic retinopathy
Neovascularization
Hemorrhage
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Diabetic retinopathy
Neovascularization
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Diabetic Peripheral Neuropathy

 Diabetic peripheral neuropathy (DPN) is a frequent
complication of diabetes associated with significant morbidity
and mortality’

— Risk factor for ulcers and amputations?
— Impairs quality of life’

 Significant resources are spent to treat patients with DPN
— Estimated total annual cost in US $4.6 - $13.7 billion3

»  Only effective intervention is prevention by tight control of
patient’s diabetes

1. Vinik Al, et.al. Diabetologia 2000;43: 957-973.
2. Standards of Medical Care in Diabetes. Diabetes Care. 2004;S1:15-35.
3. Gordois A, et.al. Diabetes Care. 2003;26: 1790-1795
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Clinical Manifestations

DPN affects the limbs symmetrically and progresses
from distal to proximal over time.

- DPN is characterized by a
stocking and glove distribution:

— Bilateral symmetrical distribution of

signs and symptoms Signs and

— Affects lower limbs first symptoms
progress from

— Progresses from distal (toes) to distal to

: : roximal over
proximal (knee) over time. ﬁme

Diabetic Neuropathy (Boulton), 2001
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Epidemiology
Reliable epidemiological information is complicated by
differences in: Definition; Methodology and Diagnostic Criteria

Study Population Data Collection Prevalence (%)

Rochester Diabetic Neuropathy 1986 94% - Type |
Study” 45% - Type |

San Luis Valley Diabetes Studyt 1984 — 1986 25.8%

Pittsburgh Epidemiology of
Diabetes Complications Study# 1984 — 1988 34.0%

DPN diagnosed on basis of: *Positive symptoms and electrophysiological testing’;
T Neurological exam?
* Presence of two out of three: abnormal sensory or motor signs, symptoms,
decreased tendon reflexes?

1. Dyck PJ, et.al. Neurology. 1993;43: 817-24.
2. Franklin GM, et.al. Am J Epidemiol 1990;131:633-43.
3. Maser RE, et.al. Diabetes 1989;38(11):1456-61.
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Relative risks for cardiovascular autonomic
neuropathy and mortality in 15 studies.

4

30% 1

Died Alive Died Alive
+CAN -CAN

Aaron I. Vinik, and Dan Ziegler Circulation. 2007;115:387-

e American
Heart
Associations
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Available Therapies
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Anti-hyperglycemic Agents In US
2015 H-20

U-300,
Inhaled
Saxagliptin, Insul

Bromocriptine

Sulfonylurea TZDs,

Sitagliptin
Insulin Glinides S Linagliptin

1922 1957 1995 1997 2005 2006 2008 2009 2010 ,,,, 20132014

2015
Metformin,
o Glucosidase
inhibitors

Exenatide, Liraglutide
Pramlintide SGLT

Colesevelam 2

Exenatide once weekly
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How to Choose Diabetes Therapies —
2016
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Initial drug
monotherapy
Efficacy (|HbA1c)
Hypoglycemia
Weight
Side effects
Costs

AN

combinations

Efficacy (|HbA1c)
Hypoglycemia
Weight

Major side effect(s)

Costs

T

More complex
insulin strategies

Healthy eating, weight control, increased physical activity

Metformin

high
low risk
neutral/loss

Gl / lactic acidosis

low

Metformin +
Sulfonylurea

high
moderate
risk

gain
hypoglycemi

Metformin +

or DPP-4-i
or [ciN 2 E Y.y

or

If needed to reach individualized HbA1c target after ~3 months, proceed to 2-drug combination

v

(order not meant to denote specific preference)

Metformin +
DPP-4 Inhibitor

intermediate
low risk
neutral

rare

GLP-1 receptor
agonist

high

low risk

loss

Gl

high )

\__high )

=

SuU

Metformin +

Insulin
(usually basal)
highest
high risk
gain
hypoglycemi

Metformin +

Inzucchi SE, et al., Diabetes Care 2012;35:1364-1379

Insulin

(multiple daily doses)
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Individualization Of HbA1c Targets

Target HbA1c Goal

Patient Characteristics

HbA1c <7.0%

Nonpregnant adults for prevention of
complications

* Microvascular disease

* Macrovascular disease

Lower than the general
goal of < 7.0%

(without hypoglycemia)

Patients with:

*  Short duration of diabetes

* Long life expectancy

* No significant cardiovascular disease

Less stringent than the
general goal of <7.0%

Patients with:

* History of severe hypoglycemia

« Limited Life expectancy

* Advanced chronic complicaations
« Extensive comorbidities

« Long-standing diabetes in whom the general
goal has been difficult to achieve despite
comprehensive approach to glucose lowering
including education, monitoring and progressive
pharmacoloic therapy

Adapted from Diabetes Care 2011; 34 (suppl 1) S11
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Individualizing A1C Targets for
Patients with T2DM

Most Intensive Less Intensive Least Intensive
6.0% 7.0% 8.0%

Hypoglycemia Risk
Patient Age
Disease Duration

Other Comorbidities

—stablished Vascular Complications
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Multiple Contributors

Decreased Insuli
Secretion

HYPERGLYCEMIA

Increased
Glucagon

Secretion jpcreased
HGP
- Neurotransmitter

y Dysfunction
Defronzo R. 2009:58:773-95.
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Sites of Action by Therapeutic Options
Presently Available for T2DM

BRAIN ADIPOSE MUSCLE
GLP-1 agonists TISSUE

Dopamine agonists KIDNEY
\
PANCREAS

GLUCOSE PRODUCTION SGLT2 PERIPHERAL
Biguanides Inhibitors GLUCOSE UPTAKE

(Thiazolidinedione) Biguanides
INSULIN (Thiazolidinedione)
SECRETION/REPLACEMENT
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INTESTINE Meglitinides STOMACH
GLUCOSE GLP-1 agonists? DELAYED EMPTYING GLP-
ABSORPTION DPP4 Inhil_aitors? 1 agonists (Exenatide,
a-Glucosidase Insulin Liraglutide)

Inhibitors, bile-acid resin binder Pramlintide

T2DM = type 2 diabetes mellitus; GLP-1 = glucagon-like peptide-1; DPP-4 = dipeptidyl peptidase-4.
Sonnenberg GE, et al. Curr Opin Nephrol Hypertens. 1998;7(5):551-555.
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Testing Made Small and Simple
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Slide 75

JS1 For CME reasons, we cannot include product images in the presentation. We'd also prefer to avoid using brand names, if at all possible.
Jessica Steuerman, 8/27/2013
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Current Continuous Sensors Available in
the US

These slides are the intellectual property of the presenter and the University of Washington and may not be used without permission.




DexCom SC Glucose Sensor
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Continuous Glucose Sensors Availale
Outside US
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Modal Day On initiation: Mean 139 SD 57 A1C 6.4%
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Drawbacks to CGM

Can be overwhelming for some patients
Alarms can be annoying, discontinued
Cost; not covered by Medicaid or Medicare
Comfort

Accuracy

Frustration- analog (fast) insulin is slow!
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Benefits of CGM?

A1C lowering with less hypoglycemia
— 0.5% for adults with type 1 DM

Hypoglycemia warning for individuals with
hypoglycemia unawareness

Alert warns patient of oncoming low (up to 20 minutas)

Alertwams patient of oncorming
high (up to 30 minwutes)

= = = = =Low Alert Threshold
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Combined glucose sensing and insulin delivery
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Glucose monitoring apps

Several apps for both Android and iOS are

BG Monitor BlueLoop OnTrack Diabetes

Some studies suggest positive results using mobile phone
based interventions for DM contro
- Apps specific for the needs of minorities with diabetes are
needed

Diabetes Technol Ther. 2011 May;13(5):563-9
World J Diabetes 2015 March 151 6(2): 225-233
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