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Canine Diabetes

Goal: Control of clinical signs

Treatment: Lente insulin 0.5
units/kg BID

Diet: Consistent Diet

Monitoring: CBGM/fructosamine



Feline Diabetes

Goal: Remission
Treatment: Glargine insulin
1- 3 units BID
Diet: High protein
Monitoring: CBGM/ fructosamine



X obTLYTHD
a cure for
diabetes, It IS a
31T LE3DLI
Frederick
Banting, Nobel
Lecture, 1923




More than 38.4 million Americans have diabetes with another
97.6 million at risk for developing the disease. Having

di abetes i ncreases oneod0s ri sk
Including heart attack, stroke, blindness, kidney failure,
amputations, and death.

Diabetes is also the most expensive chronic condition in the
United States. Average medical expenses are 2.3 times higher
for people with diabetes. In 2022, the cost of diagnosed
diabetes was estimated to be $413 billion annually, with $307
billion in direct medical costs. This equates to one-in-four
health care dollars being spent on people with diagnosed
diabetes. And since one-in-four are unaware they have the
disease, costs to the healthcare system are even higher than
estimated.



Table 2.1—Criteria for the diagnosis of diabetes in nonpregnant individuals

A1C =6.5% (=48 mmol/mol). The test should be performed in a laboratory using a method
that is NGSP certified and standardized to the DCCT assay.*

OR
FPG =126 mg/dL (=7.0 mmol/L). Fasting is defined as no caloric intake for at least 8 h.*
OR

2-h PG =200 mg/dL (=11.1 mmol/L) during OGTT. The test should be performed as
described by the WHO, using a glucose load containing the equivalent of 75 g anhydrous
glucose dissolved in water.*

OR

In an individual with classic symptoms of hyperglycemia or hyperglycemic crisis, a random
plasma glucose =200 mg/dL (=11.1 mmol/L). Random is any time of the day without
regard to time since previous meal.

DCCT, Diabetes Control and Complications Trial; FPG, fasting plasma glucose; OGTT, oral glu-
cose tolerance test; NGSP, National Glycohemoglobin Standardization Program; WHO, World
Health Organization; 2-h PG, 2-h plasma glucose. *In the absence of unequivocal hypergly-
cemia, diagnosis requires two abnormal test results obtained at the same time (e.g., A1C
and FPG) or at two different time points.



Table 2.2—Criteria defining prediabetes in nonpregnant individuals

A1C 5.7-6.4% (39-47 mmol/mol)
OR

FPG 100 mg/dL (5.6 mmol/L) to 125 mg/dL (6.9 mmol/L) (IFG)
OR
2-h PG during 75-g OGTT 140 mg/dL (7.8 mmol/L) to 199 mg/dL (11.0 mmol/L) (IGT)

For all three tests, risk is continuous, extending below the lower limit of the range and becoming
disproportionately greater at the higher end of the range. FPG, fasting plasma glucose; IFG, im-
paired fasting glucose; IGT, impaired glucose tolerance; OGTT, oral glucose tolerance test; 2-h PG,
2-h plasma glucose.




American
Diabetes
Association.

Connected for Life

Are you at risk for type 2 diabetes?

WRITE YOUR SCORE
IN THE BOX.

Diabetes Risk Test:
Height Weight (Ibs.)

1. Howoldareyou? ..................cccoooiun..
Less than 40 years (0 points)
40-49 years (1 point)
50-59 years (2 points)
60 years or older (3 points)

2. Areyouamanorawoman? - oo
Man (1 point) Woman (0 points)

3. If you are a woman, have you ever been
diagnosed with gestational diabetes?---------
Yes (1 point) No (0 points)

4. Do you have a mother, father, sister or brother
with diabetes? R L EREREE LTS
Yes (1 point) No (0 points)

5. Have you ever been diagnosed with high
blood pressure? - ---cccccccciiiiaaann
Yes (1 point) No (0 points)

6. Are you physically active? ------- .o
Yes (0 points) No (1 point)

7. What is your weight category? ----------------
See chart at right.

If you scored 5 or higher:

You are at increased risk for having type 2 diabetes.
However, only your doctor can tell for sure if you do
have type 2 diabetes or prediabetes, a condition in
which blood glucose levels are higher than normal
but not yet high enough to be diagnosed as diabetes.
Talk to your doctor to see if additional testing is needed.

Type 2 diabetes is more common in African Americans,
Hispanics/Latinos, Native Americans, Asian Americans,
and Native Hawaiians and Pacific Islanders.

Higher body weight increases diabetes risk for everyone.
Asian Americans are at increased diabetes risk at lower
body weight than the rest of the general public (about 15
pounds lower).

410 119-142 143-190 191+
4117 124-147 148-197 198+
50 128-152 1563-203 204+
51 132-157 158-210 211+
52 136-163 164-217 218+
53 141-168 169-224 225+
54 145-173 174-231 232+
55 150-179 180-239 240+
56 155-185 186-246 247+
57T 159-190 191-254 255+
58 164-196 197-261 262+
59 169-202 203-269 270+
510 174-208 209-277 278+
SR 179-214 215-285 286+
60 184-220 221-293 294+
61 189-226 227-301 302+
62 194-232 233-310 311+
63 200-239 240-318 319+
64 205-245 246-327 328+

1 point 2 points 3 points

If you weigh less than the amount in
the left column: 0 points

Adapted from Bang et al., Ann Intern Med

151:775-783,2009 « Original algorithm was validated

without gestational diabetes as part of the model.

Lower Your Risk

The good news is you can manage your
risk for type 2 diabetes. Small steps make
a big difference in helping you live a longer,
healthier life.

If you are at high risk, your first step is to
visit your doctor to see if additional testing
is needed.

Visit diabetes.org or call 1-800-DIABETES
(800-342-2383) for information, tips on

getting started, and ideas for simple, small
steps you can take to help lower your risk.

s Risk Test | American Diabetes Association




Table 6.3—Summary of glycemic recommendations for many nonpregnant adults
with diabetes

A1C <7.0% (53 mmol/mol)*
Preprandial capillary plasma glucose 80-130 mg/dL* (4.4-7.2 mmol/L)
Peak postprandial capillary plasma glucoset <180 mg/dL* (10.0 mmol/L)

*More or less stringent glycemic goals may be appropriate for individual patients. Goals should be
individualized based on duration of diabetes, age/life expectancy, comorbid conditions, known
CVD or advanced microvascular complications, hypoglycemia unawareness, and individual patient
considerations. TPostprandial glucose may be targeted if A1C goals are not met despite reaching
preprandial glucose goals. Postprandial glucose measurements should be made 1-2 h after the
beginning of the meal, generally peak levels in patients with diabetes.




Table 9.2—Medications for lowering glucose, summary of characteristics

Hypogly- . CV effects Renal effects
Efficacy’ Weight change* Oral/sa Cost | Clinical considerations
cemia Effect on MACE HF Progression of DKD Dosingluse considerations*
Metformin High No Neutral (potential | Potential Neutral Neutral «  Contraindicated with eGFR <30 mL/min | Oral Low « Gl side effects common; to mitigate Gl side effects, consider slow dose titration, extended
for modest loss) | benefit per 1.73 m? release formulations, and administration with food
«  Potential for vitamin B12 deficiency; monitor at regular intervals
SGLT2 inhibitors Intermediate | No Loss Benefit: Benefit: Benefit: «  See labels for renal dose considerations | Oral High «  DKArisk, rare in T2DM: discontinue, evaluate, and treat promptly if suspected; be aware of
to high (intermediate) canagliflozin, canagliflozin, | canagliflozin, of individual agents predisposing risk factors and clinical presentation (including euglycemic DKA); discontinue
empagliflozin dapagliflozin, | dapagliflozin, «  Glucose-lowering effect is lower for before scheduled surgery (e.g., 3-4 days), during critical illness, or during prolonged fasting to
empagliflozin, | empagliflozin SGLT2 inhibitors at lower eGFR mitigate potential risk
ertugliflozin « Increased risk of genital mycotic infections
«  Necrotizing fasciitis of the perineum (Fournier gangrene), rare reports: institute prompt
treatment if suspected
«  Attention to volume status, blood pressure; adjust other volume-contracting agents as applicable
GLP-1RAs High to No Loss Benefit: Neutral Benefit for renal «  See labels for renal dose considerations | SO; oral High + Riskof thymid E—celll tumors in rodents; human relAevam:e not determined ((iraglutide,
very high (intermediate to | dulaglutide, endpoints in CVOTs, of individual agents (semaglutide) dulagluhde,lexenatcde extended relea.lse, semaglutide) .
very high) liraglutide, driven by albuminuria | «  No dose adjustment for dulaglutide, ° C“f‘"“l pat'e'?‘s o potepllial f°' 6l s'de' _"ﬁms a'?d their typically te.mp?rary nalyre; p(ovide
semaglutide outcomes: liraglutide, semaglutide quidance on dietary modifications to mitigate Gl side effects 1redu§tmn in meal size, mindful
) dulaglutide, « Monitor renal function when iniiating or eating pracices [e.. stop eating once ful], decreasing intake of high-fat or spicy food);
oy lragluide escalatng doses in patents with renal . E:’.E:fj';‘z!&LZ‘;ZZ?;Z';‘;ZJ{’?.,"SEZ“:‘ experiencing G chalenges
exenatide semagltide (50 "“"a"""e“' reporting severe adverse = Pancreatitis has been reported in clinical trials but causality has not been established.
once weekly, G reactions iscontinue if pancreatitis is
lixisenatide «  Evaluate for gallbladder disease if cholelithiasis or cholecystitis is suspected
Dual GIP and GLP-1 RA | Very high No Loss (very high) | Under Under Under investigation « See label for renal dose considerations | SO High «  Risk of thyroid C-cell tumors in rodents; human relevance not determined
investigation investigation +  No dose adjustment « Counsel patients on potential for Gl side effects and their typically temporary nature; provide
«  Monitor renal function when initiating or quidance on dietary modifications to mitigate Gl side effects (reduction in meal size, mindful
escalating doses in patients with renal eating practices [e.g., stop eating once fulll, decreasing intake of high-fat or spicy food);
impairment reporting severe adverse consider slower dose titration for patients experiencing Gl challenges
Gl reactions = Not recommended for individuals with history of gastroparesis
«  Pancreatitis has been reported in clinical trials but causality has not been established.
Discontinue if pancreatitis is suspected
«  Evaluate for gallbladder disease if cholelithiasis or cholecystitis is suspected
DPP-4 inhibitors Intermediate | No Neutral Neutral Neutral Neutral = Renal dose adjustment required Oral High = Pancreatitis has been reported in clinical trials but causality has not been established.
(potential risk, (sitagliptin, saxagliptin, alogliptin); can Di if pancreatitis is |
saxagliptin) be used in renal impairment Joint pain
+  Nodose adjustment required for «  Bullous pemphigoid (p keting): discontinue if suspected
linagliptin
Thiazolidinediones High No Gain Potential benefit: | Increased risk | Neutral +  Nodose adjustment required Oral Low «  Congestive HF (pioglitazone, rosiglitazone)
pioglitazone «  Generally not recommended in renal *  Fluid retention (edema; heart failure)
impairment due to potential for fluid «  Benefitin NASH
retention *  Risk of bone fractures
« Weight gain: consider lower doses to mitigate weight gain and edema
Sulfonylureas High Yes Gain Neutral Neutral Neutral «  Glyburide: generally not recommended | Oral Low «  FDA Special Warning on increased risk of CV mortality based on studies of an older sulfonylurea
(2nd generation) in chronic kidney disease (tolbutamide); glimepiride shown to be CV safe (see text)
Glipizide and glimepiride: initiate = Use with caution in persons at risk for hypoglycemia
conservatively to avoid hypoglycemia
Insulin | Human High to Yes Gain Neutral Neutral Neutral «  Lower insulin doses required with a S0; inhaled Low (SQ) | = Injection site reactions
Analogs very high decrease in eGFR; titrate per clinical a r « Higher risk of hypoglycemia with human insulin (NPH or premixed formulations) vs. analogs
response igh

CV, cardiovascular; CVOT, cardiovascular outcomes trial; DKA, diabetic ketoacidosis; DKD, diabetic kidney disease; DPP-4, dipeptidyl peptidase 4; eGFR, estimated glomerular filtration rate; Gl, gas-
trointestinal; GIP, glucose-dependent insulinotropic polypeptide; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF, heart failure; NASH, nonalcoholic steatohepatitis; MACE, major adverse car-
diovascular events; SGLT2, sodium—glucose cotransporter 2; SQ, subcutaneous; T2DM, type 2 diabetes mellitus. *For agent-specific dosing recommendations, please refer to manufacturers’
prescribing information. *Tsapas et al. (104). ?Tsapas et al. (152). Adapted from Davies et al. (84).



Goal: Cardiorenal Risk Reduction in High-Risk Individuals with Type 2 Diabetes (in addition to comprehensive CV risk management)*

+ASCVDt

Defined differently across
CVOTs but all included
individuals with established
CVD (e.g, MI, stroke, any
revascularization procedure).
Variably included: conditions
such as transient ischemic
attack, unstable angina,
amputation, symptomatic
or asymptomatic coronary
artery disease.

+Indicators of high risk
While definitions vary, most
comprise 255 years of age
with two or more additional
risk factors (including obesity,
hypertension, smoking,
dyslipidemia, or albuminuria)

+ASCVD/Indicators of High Risk
GLP-1 RA¥ with proven @ SGLT2i® with proven
CVD benefit CVD benefit

If A1C above target

« For patients on a GLP-1 RA, consider adding SGLT2i with
proven CVD benefit or vice versa
o TIDA

+HF

Current or prior
symptoms
of HF with

documented

HFrEF or HFpEF

SGLT2i®
with proven
HF benefit

in this
population

v

+CKD

eGFR <60 mL/min per 1.73 m? OR
albuminuria (ACR 23.0 mg/mmol
[30 mg/g]). These measurements
may vary over time; thus, a repeat
measure is required to document CKD.

+CKD (on maximally tolerated dose
of ACEi/ARB)

PREFERABLY

SGLT2i® with primary evidence of
reducing CKD progression
Use SGLT2i in people with an eGFR
220 mLimin per 1.73 mZ; once initiated

should be continued until initiation
of dialysis or transplantation

______ DR -—--mm -
GLP-1 RA with proven CVD benefit if

SGLT2i not tolerated or contraindicated

If A1C above target, for patients on
SGLT2i, consider incorporating a
GLP-1 RA or vice versa

[ If additional cardiorenal risk reduction or glycemic lowering needed

USE OF GLUCOSE-LOWERING MEDICATIONS IN THE MANAGEMENT OF TYPE 2 DIABETES

HEALTHY LIFESTYLE BEHAVIORS; DIABETES SELF-MANAGEMENT EDUCATION AND SUPPORT (DSMES); SOCIAL DETERMINANTS OF HEALTH (SDOH)

Glycemic Management: Choose
approaches that provide the
efficacy to achieve goals:
Metformin OR Agent(s) including
COMBINATION therapy that provide
adequate EFFICACY to achieve
and maintain treatment goals
Prioritize avoidance of hypoglycemia in
high-risk individuals

In general, higher efficacy approaches
have greater likelihood of achieving

TOAYDID
THERAPELTIC
INERTIA REASSESS
AND MODIFY TREATMENT
REGULARLY
(3-6 MONTHS)

Achievement and Maintenance of
Weight Management Goals:

[ Set individualized weight management goals ]

General lifestyle advice: Intensive evidence-
medical nutrition based structured
therapy/eating patterns/ weight management
physical activity program
Consider medication Consider metaholic
for weight loss surgery

| —

* In people with HF, CKD, established CVD, or multiple risk factors for CVD, the decision to use a GLP-1 RA or SGLT2i with proven benefit should be independent of background use of metformin; 1 A strong
recommendation is warranted for people with CVD and a weaker recommendation for those with indicators of high CV risk. Moreaver, a higher absolute risk reduction and thus lower numbers needed to treat
are seen at higher levels of baseline risk and should be factored into the shared decision-making process. See text for details;  Low-dose TZD may be better tolerated and similarly effective; § For SGLT2i, CV/
renal outcomes trials demonstrate their efficacy in reducing the risk of composite MACE, CV death, all-cause mortality, MI, HHF, and renal outcomes in individuals with T2D with established/high risk of CVD;

# For GLP-1 RA, CVOTs demonstrate their efficacy in reducing composite MACE, CV death, all-cause mortality, MI, stroke, and renal endpoints in individuals with T2D with established/high risk of CVD.

Figure 9.3 —Use of glucose-lowering medications in the management of type 2 diabetes. ACEi, angiotensin-converting enzyme inhibitor; ACR, albumin-to-creatinine ratio; ARB, angiotensin receptor blocker; ASCVD, atherosclerotic cardio-
vascular disease; CGM, continuous glucose monitoring; CKD, chronic kidney disease; CV, cardiovascular; CVD, cardiovascular disease; CVOT, cardiovascular outcomes trial; DPP-4i, dipeptidyl peptidase 4 inhibitor; eGFR, estimated glomerular
filtration rate; GLP-1 RA, glucagon-like peptide 1 receptor agonist; HF, heart failure; HFpEF, heart failure with preserved ejection fraction; HFrEF, heart failure with reduced ejection fraction; HHF, hospitalization for heart failure; MACE, major

—

glycemic goals When choosing glucose-lowering therapies:
Efficacy for glucose lowering Consider regimen with high-to-very-high dual
Very High: glucose and weight efficacy
Dulaglutide (high dose), - -
Semaglutide, Tirzepatide i
Insulin Efficacy for weight loss
Combination Oral, Combination Very High:
Injectable (GLP-1 RA/Insulin) Semaglutide, Tirzepatide
High: High:
GLP-1 RA (not listed above), Metformin, Dulaglutide, Liraglutide
SGLT2i, Sulfonylurea, TZD Intermediate:
Intermediate: GLP-1 RA (not listed abave), SGLT2i
DPP-4i Neutral:
l DPP-4i, Metformin
If A1C above target
Identify barriers to goals:

« Consider DSMES referral to support self-efficacy in achievement of goals

« Consider technology (e.g., diagnostic CGM) to identify therapeutic gaps and tailor therapy
« Identify and address SDOH that impact achievement of goals

adverse cardiovascular events; M, myocardial infarction; SDOH, social determinants of health; SGLT2i, sodium-glucose cotransporter 2 inhibitor; T2D, type 2 diabetes; TZD, thiazolidinedione. Adapted from Davies et al. (84).




Table 9.3—Median monthly (30-day) AWP and NADAC of maximum approved daily dose of noninsulin glucose-lowering

agents in the U.S.

Dosage strength/

Median AWP

Median NADAC Maximum approved

Class Compound(s) product (if applicable) (min, max)* (min, max)* daily doset
Biguanides o Metformin 500 mg (ER) $89 (545, $6,719) S5 2,000 mg
850 mg (IR) $108 (S5, $189) S2 2,550 mg
1,000 mg (IR) $87 (83, $144) s2 2,000 mg
1,000 mg (ER) $1,884 (5242, $7,214)  $31 ($31, $226) 2,000 mg
500 mg (Sol) $405 ($405, $739) $535 2,000 mg
Sulfonylureas (2nd o Glimepiride 4 mg $73 ($72, $198) $3 8 mg
generation) e Glipizide 10 mg (IR) $72 ($67, $91) S6 40 mg
10 mg (XL/ER) $48 ($46, $48) $10 20 mg
e Glyburide 6 mg (micronized) $54 (548, $71) $12 12 mg
5 mg $82 ($63, $432) S8 20 mg
Thiazolidinedione * Pioglitazone 45 mg $348 ($7, $349) S4 45 mg
a-Glucosidase inhibitors e Acarbose 100 mg $106 (5104, $378) $27 300 mg
* Miglitol 100 mg $294 ($241, $346) NA 300 mg
Meglitinides o Nateglinide 120 mg $155 $27 360 mg
® Repaglinide 2 mg $878 (558, $897) $31 16 mg
DPP-4 inhibitors e Alogliptin 25 mg $234 $161 25 mg
e Linagliptin 5 mg $630 $504 5 mg
* Saxagliptin 5 mg $524 5466 5 mg
o Sitagliptin 100 mg $657 $525 100 mg
SGLT2 inhibitors e Canagliflozin 300 mg $718 $574 300 mg
e Dapagliflozin 10 mg $678 $543 10 mg
e Empagliflozin 25 mg $712 $569 25 mg
® Ertugliflozin 15 mg $408 $328 15 mg
GLP-1 RAs e Dulaglutide 4.5 mg pen $1,117 $895 4.5 mgt
e Exenatide 10 pg pen $964 $771 20 pg
e Exenatide 2 mg pen $990 $793 2 mgt
(extended release)
e Liraglutide 1.8 mg pen $1,340 $1,072 1.8 mg
e Semaglutide 1 mg pen $1,123 $903 2 mgt
14 mg (tablet) $1,097 ($1,070, $1,123) $899 14 mg
Dual GIP and GLP-1 o Tirzepatide 15 mg pen $1,228 $982 15 mgt
receptor agonist
Bile acid sequestrant e Colesevelam 625 mg tabs $711 (5674, $712) S64 3.75 g
3.75 g suspension $674 (5673, $675) $130 3.75¢g
Dopamine-2 agonist ® Bromocriptine 0.8 mg $1,200 $965 4.8 mg
Amylin mimetic e Pramlintide 120 pg pen $2,866 NA 120 pg/injection§

AWP, average wholesale price; DPP-4, dipeptidyl peptidase 4; ER and XL, extended release; GIP, glucose-dependent insulinotropic polypeptide;
GLP-1 RA, glucagon-like peptide 1 receptor agonist; IR, immediate release; max, maximum; min, minimum; NA, data not available; NADAC,
National Average Drug Acquisition Cost; SGLT2, sodium—glucose cotransporter 2. AWP and NADAC prices as of July 2023. *Calculated for
30-day supply (AWP [116] or NADAC [117] unit price x number of doses required to provide maximum approved daily dose x 30 days); me-
dian AWP or NADAC listed alone when only one product and/or price. tUsed to calculate median AWP and NADAC (min, max); generic prices
used, if available commercially. Prices for bexagliflozin were not available at the time of this update. fAdministered once weekly. SAWP and

NADAC calculated based on 120 pg three times daily.




Table 9.4—Median cost of insulin products in the U.S. calculated as AWP and NADAC per 1,000 units of specified dosage

form/product
Median AWP Median
Insulins Compounds Dosage form/product (min, max)* NADAC*
Rapid-acting e Aspart U-100 vial $174+ $139+
U-100 cartridge $215+ $172+
U-100 prefilled pen $224+ $179+
e Aspart (“faster acting product”)  U-100 vial $347 $277
U-100 cartridge $430 $344
U-100 prefilled pen $447 $357
e Glulisine U-100 vial $341 $273
U-100 prefilled pen $439 $351
e Inhaled insulin Inhalation cartridges $1,503 NA
e Lispro U-100 vial $30+ $24+
U-100 cartridge $408 $326
U-100 prefilled pen $127+ $102+
U-200 prefilled pen $424 $339
e Lispro-aabc U-100 vial $330 $261
U-100 prefilled pen $424 $339
U-200 prefilled pen $424 $338
e Lispro follow-on product U-100 vial $118 $94
U-100 prefilled pen $151 $121
Short-acting e Human regular U-100 vial $172 ($165, $178)f  $137 ($132, $142)%
U-100 prefilled pen $208 $166
Intermediate-acting e Human NPH U-100 vial $172 ($165, $178)f  $137 ($132, $143)%
U-100 prefilled pen $208 ($208, $377) $234 (5166, $303)
Concentrated human e U-500 human regular insulin U-500 vial $178 $142
regular insulin U-500 prefilled pen $230 $184
Long-acting e Detemir U-100 vial; U-100 prefilled pen $370 $295
e Degludec U-100 vial $142+ $327
U-100 prefilled pen $142+ $114+
U-200 prefilled pen $85+ $113+
e Glargine U-100 vial; U-100 prefilled pen $136+ $109+
U-300 prefilled pen $363 $290
e Glargine biosimilar/ U-100 prefilled pen $190 ($74, $323) $95+
follow-on products U-100 vial $118+ $95+
Premixed insulin products e Aspart 70/30 U-100 vial $180+ $145+
U-100 prefilled pen $224+ $179+t
e Lispro 50/50 U-100 vial $342 $274
U-100 prefilled pen $424 $341
e Lispro 75/25 U-100 vial $342 $274
U-100 prefilled pen $127+ $102+
e NPH/regular 70/30 U-100 vial $172 ($165, $178)+ $138 ($132, $143)%
U-100 prefilled pen $208 ($208, $377)  $234 (5166, $302)
Premixed insulin/GLP-1 e Degludec/liraglutide 100/3.6 pg prefilled pen $991 $795
RA products e Glargine/lixisenatide 100/33 pg prefilled pen $679 $543

AWP, average wholesale price; GLP-1 RA, glucagon-like peptide 1 receptor agonist; NA, data not available; NADAC, National Average Drug Ac-
quisition Cost. AWP (116) and NADAC (117) prices as of July 2023. *AWP or NADAC calculated as in Table 9.3. tUnbranded product prices
used when available. $AWP and NADAC data presented do not include vials of regular human insulin and NPH available at Walmart for ap-
proximately $25/vial; median listed alone when only one product and/or price.
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Mortality from Diabetes

1922



Mortality from Diabetes

1922 18.3/100,000



Mortality from Diabetes

1922 18.3/100,000

2022



Mortality from Diabetes

1922 18.3/100,000

2022 24/100,000



Communicating With Owners of
Diabetic Pets

The number one cause of death in diabetic dogs and
cats 1 s &

1) Renal failure

2) Pancreatitis

3) Owner elected euthanasia
4) Heart disease



Communicating With Owners of
Diabetic Pets

Importance of Effective Communication
1) # 1 cause of death = owner elected euthanasia
2) Concerns over time commitment and expense
3) Diabetes as a chronic disease

4) Potential for excellent long term quality of life



Communicating With Owners of
Diabetic Pets

Owner Experience in Treating Dogs and Cats Diagnosed with
Diabetes Mellitus in the United States. JAAHA 50: 2263, 2014.

Treated with insulin

97% Dogs 82% Cats
Twice daily insulin

87% Dogs 73 % Cats
Insulin types

Lente and NPH: Dogs  Glargine and PZI: Cats

Most not fed a prescription diet



Communicating With Owners of
Diabetic Pets

Owner Experience in Treating Dogs and Cats Diagnosed with
Diabetes Mellitus in the United States. JAAHA 50: 2263, 2014.

Satisfied with Diabetic Control

Dogs:



Communicating With Owners of
Diabetic Pets

Owner Experience in Treating Dogs and Cats Diagnosed with
Diabetes Mellitus in the United States. JAAHA 50: 2263, 2014.

Satisfied with Diabetic Control

Dogs: 50%



Communicating With Owners of
Diabetic Pets

Owner Experience in Treating Dogs and Cats Diagnosed with
Diabetes Mellitus in the United States. JAAHA 50: 2263, 2014.

Satisfied with Diabetic Control

Dogs: 50% Cats:



Communicating With Owners of
Diabetic Pets

Owner Experience in Treating Dogs and Cats Diagnosed with
Diabetes Mellitus in the United States. JAAHA 50: 2263, 2014.

Satisfied with Diabetic Control

Dogs: 50% Cats: 66%



Communicating With Owners of
Diabetic Pets

Owner Experience in Treating Dogs and Cats Diagnosed with
Diabetes Mellitus in the United States. JAAHA 50: 2263, 2014.

Wh at % f el t treat ment was ne



Communicating With Owners of
Diabetic Pets

Owner Experience in Treating Dogs and Cats Diagnosed with
Diabetes Mellitus in the United States. JAAHA 50: 2263, 2014.

How many felt treatment was

80%



Communicating With Owners of
Diabetic Pets

What can | expect and how is this disease like diabetes in
people ?

1) Differences in pathogenesis
2) Differential diagnosis in dogs and cats
3) Long term side effects in humans

Nephropathy, retinopathy, neuropathy,
vascular disease



Communicating With Owners of
Diabetic Pets

What percentage of dogs develop diabetic induced
cataracts with the first 2 years of treatment ?

1) 25 %
2) 60 %
3) 75 %
4) 80 %



Goals of Therapy: Dog

Remission of clinical signs

Slow or delay progression of cataracts
75 % within 2 years

Maintenance of body weight

Avoidance of hypoglycemia



Management of Diabetes
Diet
Insulin
Oral hypoglycemic agents
Concurrent illness

Owner consultation



Insulin Therapy Species of origin

Beef, beef/pork, pork, human
Increasingly difficult to obtain animal origin
Focus on use of human origin products

Role of antibodies and duration of action
Pork > human > beef/pork
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In the vial

After administration
under the skin

In the capillaries

Dihexamers Hexamers Hexamers Dihexamers Hexamer— Hexamers Hexamers and Hexamers
protamine multimers
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Brand Name Onset Peak Duration Structure
Humalog 5-15 minutes 4590 minutes  3-4 hours Lysine’
(Insulin lispro; proline
Lilly) substitution
Novolog 5-15 minutes 4590 minutes  3-4 hours Aspartate
(Insulin proline
aspart; Novo) substitution



FAST ACTING INSULINS

Brand Name Onset Peak Duration Structure

Humulin-R 30-60 minutes 2-5 hours 5-8 Hours Regular insulin
Novolin-R



INTERMEDIATE ACTING INSULINS
Brand Name Onset Peak Duration Structure
Vetsulin 1-3 hours 2-10 hours 6-24 Porcine
(Merck)
Addition of
Humulin-N protamine and

Novolin-N

Zinc



LONG ACTING INSULINS

Brand Onset Peak Duration Structure
Name

PZI 1-3 hours 14-24 24-26 Human
(BI)



UL

RA LONG AC

Brand Onset
Name

Detemir

Lantus 1 hour
(insulin
glargine;
Aventis)

ING INSULINS

Peak Duration Structure

Lysine at B29

No peak Constant Addition of
concentration arginine and
over 24 hours asparagine

glycine
substitution



Newly Diagnosed Canine Patients

Vetsulin(porcine originlente

Humulin N or Novolin N (human origin)
ProZinc(human recombinant)

Glargine (long acting insulin analogue)
Detemir (long acting insulin analogue)
Glargine U300 Toujeo
DegludeqTresiba)



Newly Diagnosed Canine Patients
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Fig. 1. Combination basal-bolus Insulin therapy: Red — bolus insulin requirement; Green -
basal insulin requirement; Blue — Typical basal insulin kinetics; Black — Typical intermediate

insulin kinetics.




Newly Diagnosed Canine Patients
Humulin N or Novolin N (human origin)

J Vet Intern Med. JaReb;23(1):565, 2009.

An investigation of the action of Neutral Protamine Hagedorn
human analogue insulin in dogs with naturally occurring
diabetes mellitus.
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Vetsulin Merck

40 1U/ml
Porcine origin

Lente insulin
Intermediateacting
30% amorphous & 70% crystalline insulin

Anti-insulin antibodies in diabetic dogs before and after treatment with
different insulin preparationd Vet Intern Med No\Dec;131725, 2008



Fifty-three dogs were treated for 60 days after an initial dose determination
period. The means of the blood glucose concentrations durthguir2

glucose curves and the means of the blood glucose nadir concentrations
during 12hour glucose curves for all dogs were determined before beginning
insulin therapy (time 0), at the end of the dose determination period (time 1),
30 days after time 1 (time 2), and 60 days after time 1 (time 3). The means o
the blood glucose concentrations duringnti2ir glucose curves and the

means of the blood glucose nadir concentrations duridgpli2 glucose

curves for all dogs attimes 1, 2, and 3 were significantly lower compared
with time O (P <.0001). There was a reduction in the proportion of dogs with
polyuria, polydipsia, and ketonuria 82, 86, and 80%gespectively. All of the
dogs had adequate glycemic control at time 1, 66% at time 2, and 75% at tin
3. At time 3, 66% of dogs required insulin injections q12h.

JVIM 2005SepOct;19(5):67582



Vetsulin; Merck




Vetsulin; Merck

One important change that occurred with trdawmnch ofVetsulinis

the manufacturers recommendations regarding handling of the
iInsulin. Vetsulinshould beshaken thoroughlyuntil a

homogeneous, uniformly milky suspension is obtained. Foam on tr
surface of the suspension formed during shaking should be allowe
to disperse before the product is used and, if required, the product
should be gently mixed to maintain a homogeneous, uniformly
milky suspension before use.

Clumps or white particles can form in insulin suspensions: do not
use the product if visible clumps or white particles persist after
shaking thoroughly. The product has a shelf life of 12 months and i
usable for 42 days once the vial has been opened.






A recent study comparing the precision and accuracy of the VetP
to U40 syringes demonstrated that even when doses were drawr
by trained laboratory technicians, syringes were found to deliver
least 20% to 25% more insulin than needed foruail dose.

Burgaud S, Riant S, Piau N. Comparative laboratory evaluation of dose delivery using
veterinary insulin pen. Proceedings World Congress ASAVA/FECAVA/BSAVA 2012;567



Newly Diagnosed Canine Patients

Field efficacy and safety of protamine zinc recombinant human insulin in
276 dogs with diabetes mellitus. Ward CR, Christiansen K, Li J, Bryson
WL, JerrentrudA, Kroh C. DomestAnim Endocrinol.2021
Apr;75:106575.



PZI Insulin in Dogs

Two hundred seventsix clientowned dogs with naturally occurring DM (naive
or pretreated with insulin) were enrolled in the study. Insulin treatment was
Initiated at0.5 1.0 IU/kg SID An improvement in at least one lab parameter
related to DM (mean BG, min BGyuctosamingand one clinical parameter
(PU/PD, body weight) was achieved in 72% of dogs (80% of naive, 62% of
pretreated). Dogs treated SID and BID showed improvement in 71% and 74%
cases, respectively. In naive dogs, mean and minimum B@&uamdsamine

were signficantly decreased @0.05) by d 7 and 21, respectively, and in-pre
treated dogs by d 68y d 84, PU/PD improved in 90% and 88% of dogs
respectively, and the meanccessful insulin dose was 1.4 [U/kg&hfety
parameters were measured in 276 dogs for up to 1dhidal

hypoglycemia occurred in 8.9% of do§¥e conclude that PZIR safely and
effectively improved glycemic parameters and clinical signs in naive and pre
treated diabetic dogs. The sificant percentage of dogs on SID treatment with
Improvement in hyperglycemia and clinical signsfaoms the prolonged action
of PZIR in many dogs.



PZI Insulin in Dogs

Treatment Status at Enroliment

Naive Pre-treated
56% (n=126) 44% (n=98)

vV Vv

Efficacy Population (Day 84)
N=224

Failures 28% (n=62)
(25 Naive / 37 Pre-treated)

Improvement observed in 2 1
Clinical Sign and 2 1 Glycemic
Parameter on Day 84

72%
(n=162)

101 (62%) naive
61 (38%) pre-treated

vV Vv

Improvement observed in 2 1 Clinical
Sign and 2 1 Glycemic Parameter
by Treatment Status

Naive 80% Pre-treated 62%
(101 of 126) (61 of 98)




Glargine; Sanofi
Use of insulin glargine in dogs with diabetes mellitus.
Twelve clientowned dogs were included.

Mean blood glucose concentrations were significantly lower after two weeks ¢
treatment and remained significantly lower for the duration of the study.

By week 24, polyuria/polydipsia had improved in 91 per cent of the dogs.
No clinical signs that could have been caused by hypoglycemia were observe
Based on BGCs and remission of the clinical signs for judging the success of

treatmentp8, 33 and 8 per cent of the dogs attained good, moderate and poot
glycemic control by week 2df the study, respectively.

Vet Rec. 2012 Jan;170(2):52.



Glargine; Sanofi

Glargineinsulin for treatmenbf naturallyoccurring
diabetes mellitus in dogs.

10 dogs had wellegulated diabetes mellitus at a mean of 38 days following stu
enrollment.

At the time diabetes mellitus was well regulated, mean glargine insulin dosage
was 0.5 twice daily, and 3 dogs were receiving a dosage < 0.4 U/kg ((h).8 U/

Results of the present study suggested that, in diabetic dogs fed a diet high in
Insoluble fiber, glargine insulin is@eaklessnsulin that does not induce a distinct
blood glucose concentration nadtor glargine insulin, 0.3 U/kg (0.1361b)y SC
twice daily is recommended as an initial dosage.

J AmVet Med Assoc. 201®ct 15:243(8): 11551



Levemir; Novo Nordisk

In contrast to glargine, detemir is a newer synthetic insulin analogue with long
duration of action through modification of the insulin molecule via addition of

an acylated fatty acid chain.

This modification facilitates reversible binding to plasma proteins, particularly
albumin, from where it is released slowly into plasma. The modification also

prolongs seHkassociation in the injection depot, which prolongs absorption fron
subcutaneous tissue at the injection site and contributes to the long duration «

action.



Insulin Glargine
U-300 ; Toujeo

Likely requires CGMS

and can only be

accurately administered

using the manufacturer O0s
Injection pen delivering

1 U unit increments.



