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Timeline of treatment developmer\xt

Drug development in diabetes “at-a-glance”
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Relationship of insulin secretion with insulin action
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Approach to the Management of Hyperglycemia
Patient / Disease Features  More stringent *= A1C 7% =% |Less stringent

4_

low high

Risks potentially associated
with hypoglycemia and
other drug adverse effects

Disease duration newly disanosed long-standing E_-'
<
=
=

Life expectancy long o g .
-3l Parameter Glycemic target
o

4 E Alc <7%

Important comorbidities pre— few / mild severe

Pre-prandial glucose 80-130 mg/dL

Peak postprandial <180 mg/dL

Established vascular

complications e few / mild severe | glucose
Patient attitude and i
highly motivated, excellent less motivated, poor o
expected treatment efforts self-care capabilities self-care capabilities <
2
A readily available limited | E
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Glucose-lowering medication in type 2 diabetes: overall approach.

TO AVOID
CLINICAL INERTIA
REASSESS AND

FIRST-LINE therapy is metformin and comprehensive lifestyle (including weight management and physical activity)
If HbA,_above target proceed as below

MODIFY
TREATMENT

NO R 4\

J

WITHOUT ESTABLISHED ASCVD OR CKD

ESTABLISHED ASCVD OR CKD

ASCVD PREDOMINATES HF OR CKD ‘L ¢ J'
PREDOMINATES NG T0
'COMPELLING NEED TO MINIMIZE MINIMIZE WGH‘I‘GAIN OR COST IS A MAJOR
PREFERABLY HYPOOLYEEMIA PROMOTE WEIGHT LOSS ISSUES
SGLT2i SGLT2i with evidence of
with reducing HF and/or CKD EITHER/
proven progression in CVOTs if eGFR DPP-4i GLP-1RA SGLT2R TZD 6LP1RA O SUs TzD®
cVvD .
th good
benefit, [l----------OR --------- o SGLT2"
e ' efficacy for
if eGFR If SGLT2i not tolerated or ¥ - 4 * v weight loss® ¥ ¥
adequate? contraindicated or if eGFR less HHbA 3 It HbA, f HbA,
than adequate?add GLP-1RA above target above target | | above target [ It HbA, above target
with proven CVD benefit' * ; ‘b - [ ST T,
¥ If HbA, above target R 2 R 2
105 ) GLP-1RA SGLT2R ¥ v
’L SGLT2i2 SGLT2i OR oR
IfHbA, above target OR OR DPP-4i DPP-4i GLP1RA TZD® sus
¥ 120 12D O OR SGLT2F wilitgeod
If further intensification is TzD GLP-1RA efﬁcacslf of:'s‘
required or patient is now = Avoid TZD in the ght
unable to tolerate setting of HF * * * ‘b ¢ ¢
GLP-1 RA and/or SGLTZI’ Choose agents [ nmmm ] * * [ "'“.mm
choose agents demonstrating demonstrating CV safety: : . ¢ S [ = —— = ] = A5
CVaatey; = Consider adding IIMMW & 4'
* Consider adding the other the other class with [ Continue with addition of other agents as outlined above ] * * « Insulin therapy basal
e (6P H RAESGLIZD Bien s bt J If triple therapy required or insulin with lowest
With proven GVD berefit * DPP-4i (not saxagliptin) R SGLT2i and/or GLP-1RA not acquisition cost
= DPP-4i if not on GLP-1RA in the setting of HF (if [ If HbA,_ above target ] tolerated or contraindicated oR
= Basal insulin® not on GLP-1RA) ¢ use regimen with lowest risk of « Consider DPP-4i OR
g * Basal insulin® TG g SGLT2i with lowest
. SUS . SUS Consider the addition of SU® OR basal insulin: PREFERABLY acquisition cost®
* Choose later generation SU with lower risk of hypoglycemia DPP-4i (if not on GLP-1 RA)
= Consider basal insulin with lower risk of hypoglycemia’ based on weight neutrality
1. Proven CVD benefit means it has label indication of reducing CVD events. For ,p
GLP-1 RA strongest evidence for liraglutide > semaglutide > ded
release. For SGLT2i evidence modestly stronger for empaglifiozin > canaglifiozin. 6. Choose later generation SU with lower risk of hypoglycemia If DPP-4i not tolerated or
2. Be aware that SGLT2i vary by region and individual agent with regard 7. Degludec / glargine U300 < glargine U100 / < NPH Insulln contraindicated or patient
to indicated level of eGFR for initiation and continued use 8. Semaglutide > liraglutide > dulaglutide > exenatide > lixisenatide already o:d %y?-l g cautious
% BOC GG o RO e o reckolion 9. If no specific comorbidities (i.e, no established CVD, low risk of hypoglycemia, wongl:
nHe proar : and lower priotity to avoid weight gein or no weight-related comorbidities) + SUS « TZDS » Basal insulin merican
4 or.(nog have CVD safety 10.Consider country- and reglon-specific cost of drugs. In some countries v
5. Low dose may be better tolerated though less well studied for CVD effects TZDs more sive and DPP-41 h _ labetes
, , - American Di A iation Di re 2019;42: -S102 " iati
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Use principles in Figure 9.1

Intensifying to injectable therapies.

INITIATION FOR GLP-1 RA
= Initiate starting dose
(varies across class)
L GLP-1 RA in most prior to insulin’
< : = INITIATION = TITRATION If already on GLP-1RA or if
TITRATION FOR GLP-1RA GLP-1 RA not appropriate
* Gradual titration to maintenance OR Insulin preferred
dose (varies across class)
INITIATION FOR BASAL ’
« Start10 U a day OR ‘:v........................ RTINS,
01-0.2 1U/kg a day INITIATION
For patient on GLP-1 RA and = If on GLP-1 RA use
TITRATION FOR BASAL basal Insulin 10-16 dose steps (iDegLira)
* Patient self titration is Add basal Insulln Consider FRC of GLP-1 RA and or 10-15 units (iGlarLixi)
+ Set FPG target that comelates Consider: + INITIATION « TITRATION insulin (iDeglLira or iGlarLixi) .-—-'
to HoA, target But note max dose of insulin in 1
* Choose evidence-based titration the FRCs TITRATION
algorithm, e.g., increase 2 units ¥ sees’
every 3 days to reach FPG A H = Titrate to FPG target
target without hypoglycemia H : and tolerability
= For hypoglycemia determine s
cause, if no clear reason H
lower dose by 10-20%
INITIATION FOR PRANDIAL

= 4|U a day or 10% of basal dose

= If HbA, <64 mmol/mol (8%)
consider lowering the total dose
by 41U a day or 10% of basal dose

T Add Slal Insull ; o I.IN|'I"I.ATK)::m“
TITRATION FOR PRANDIAL Usually one dose with the largest meal or meal M R SN
dire doseby 121U or with greatest PPG excursion cesesererenanesenas e i
10-IX biice wesiay Consider: sessessssssersVossssssssees usually unit to unit at the
= For hypoglycemia determine Consider twice same total insulin dose but
cause, if no clear reason lower three times “; may require adjustment
corresponding dose by 10-20% to individual needs
ponding dose by premix insulin i
INITIATION OF STEPWISE » 1
PRANDIAL
= Stepwise addition of prandial o 2
insulin every 3 months if HbA,, > = Individual dose adjustment
target is associated with lower risk depends on type of
of hypoglycemia and increases biphasic insulin
iucton conotid » Stepwise additional injections of prandlal Insulin
with immediate introduction (i.e, two, then three additional injections) » :“‘ z’l';;“* :' on three
of full basal-bol i imes. regimen
e il Consider: + INITIATION + TITRATION
I
[ TITRATION FOR PRANDIAL ]
Proceed to FULL basal- A
[ INITIATION FOR PRANDIAL bolus regimen, L.e., basal IF HbA,_ DOES NOT
Insulin and prandlal IMPROVE REVIEW
Insulin with each meal ONGOING NEED FOR
[ TITRATION FORIPRANDIAL BASAL-BOLUS REGIMEN.
Consider: CONSIDER ADDITIONAL
DSMES
1. When selecting GLP-1 RA, patient HbA, veight- effect, or of injection. If CVD, consider GLP-1 RA with proven CVD benefit Diabete
- -
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Renal affects

Efficacy Hypoglycemia Oral/50 Additional considerations
| Progression of DD Diosingfuse considerations
Metformin High Mo Meutral Liva Qral Meutral = Contraindicated »  Gastrointestinal side effects common
{patential for with eGFA <30 (diarrhea, nausea)
madest laig) = Potential for 812 deficency
SGLT-2 inhibitors Iriterrmediate Mo Lioss Benefit: Benefit: High Oral Benefit: = Renal dose adjustment *  FDA Black B Hisk of
empagliflczint, empaglifiozint, canaglificein, required [canagliflazin, amputation [canagliflozin)
canaghifiozin canaglifiozin empagliflozin dapaglifiozin, empagliflozin, .
ertiglifon] *  Risk of bone fractures
@ (canzgliiozin
o DEA risk [all agents, rane in
T2DM)
= Genitourinary infections
* Risk of volumne depletion,
hypatension
*  LDL chokesteral
= Risk of Fournier's gangrene
High Ma Loz Meutral: Meutral High =0 Benefit: liraglutide = Renal dowe adjustment *  FDA Black Boxz Risk of thyroid
lisdsenatide reguired (exenatide, C-cell wmors (lraglutide,
lixisenatide) Ibiglutide, dulaglutid
extended release)
= Caution when initiating or
Benefit: increasing dose due to + Gastrointestinal side effects
liraglutidet > sema- potential risk of acute COPMMOR (RaUSea, vomiting,
glutide = exenatide kidney injury diarrhea)
extended release *  Injection site reactions
*  PAcute pancreatitis risk
DFP-4 Inhibitors [termediate No Neutral Meutral Potential risk: High Qral Neutral = Renal dose adjustment +  Potential risk of acute pancreatitis
saxagliptin, required [sitaglipting = laint pain
alegliptin saxagliptin, alogliptin);
can be used in renal
impairmant
= Mo dose adjustment
required for linagliptin
Thiazolidinediones High Mo Galn Potential benefit: Increased risk Low Oiral Meutml = hodose adjustment *  FDA Black Beoo Congestive heart
pleglitazone required fallura [plogli resigli |
= Generally not
recommended inrenal v Fluld retention [edema; heart
Impairment due to Failure)
pobential for o Hereft in MASH
fluid retention v Risk of bone fractures
*  Bladder cancer (pioglitazone)
o LD chodesternl (rosiglitazone)
Sulforyluress High Yes Galn Meutral Heutral Low Oral Meutral = Glyburide nat +  FDA Special Waming on Increased
{2nad gunemation] recommended risk of cardicvascular mortality
= Glipizide and glimepinide: hased on studies of an older
Initiate conservativaly to sulforylurea (tolbutamide)
avaid hypoglyoemia
Insulin Human Highest Ve Gain Meutral Metral Low ] Mewtral = Lower insulin dosss +  Injection site reactions
inaulin required witha »  Higher risk of hypoglycermia with
decrease in eGFR; titrate human insulin (NPH or premied
i per clinical response formulations) vi. analogs
High 50
Analogs




TYPE 2 DIABETES PATHOPHYSIOLOGY

DPP-4 inhibitors
GLP-1ra

|

Incretins
Chemicals
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Unhealthy lifestyle
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Hypertension treatment in patients w/ Diabetes

Initial BP between 14090 mmHg
and 180,100 mmHg

' ' ! '

( startoneagent | | Lifestyle management | [ start two agents |

Y !

I Inltl=l BF = 16000 mmHg \‘

[ Albuminuria® ] [ Albuminuria® ]
| | | |
Mo Yes Ma Yes
Start one drug Start: Start drug frem Start:
+ ACEI = ACEi or ARB 2 of 3 options: + ACEIl or ARB
+ ARB = ACEi or ARB and
+ CCR"** « CCR*** + CCB*** or Diuretic*
Diuretic* * Diuretic** l

Assess BP Control and Adverse Effects

Treatment tolerated
and tll'lt achieved

Add agent from Consider change to
Continue therapy complementary drug class: alternative medication:
ACEI ﬂrARﬂ +« ACEi or ARB
- cm!l'
Dlurﬂ-tll‘.' + Diuratic™

——— ——

Assess BP Control and Adverse Effects

Mot m—t]ng target Adverse effects

Treatment tolerated Mot mesting target or

adverse affects using a drug
and hmin:hlm anch of thra

[ Continue therapy ] Consider Addition of Mineralocorticolid Receptor Antagonst;
Refer to Specialist With Expertise i 2P Manz germent S




Table 9.2—Recommendations for statin and combination treatment in adults with

diabetes

Recommended statin intensity”™ and
Age ASCVD combination treatment*
<40years No Nonet

Yes High
= If LDL cholesterol =70 mg/dL despite maximally tolerated statin
dose, consider adding additional LDLHowering therapy (such as
ezetimibe or PCSK9 inhibitor)#

=40years  No Moderatet
Yes High
» If LDL cholesterol =70 mg/dL despite maximally tolerated statin
dose, consider adding additional LDL4owering therapy (such as
ezetimibe or PCSK9 inhibitor)

*In addition to lifestyle therapy.” For patients who do not tolerate the intended intensity of statin,
the maximally tolerated statin dose should be used. tModerate-intensity statin may be considered
based on risk-benefit profile and presence of ASCVD risk factors. ASCVD risk factorsinclude LDL cholesterol
=100 mg/dL (2.6 mmol/L), high blood pressure, smoking, chronic kidney disease, albuminuria, and
family history of premature ASCVD. tHigh-intensity statin may be considered based on risk-benefit
profile and presence of ASCVD risk factors. #Adults aged <<40 years with prevalent ASCVD were not
well represented in clinical trals of non-statin—based LDL reduction. Before initiating combination
lipid-lowering therapy, consider the potential for further ASCVD risk reduction, drug-specific adverse
effects, and patient preferences.

Table 9.3—High-intensity and moderate-intensity statin therapy*

High-intensity statin therapy (lowers LDL Moderate-intensity statin therapy
cholesterol by =50%) (lowers LDL cholesterol by 30% to 50%)
Atorvastatin 40-80 mg Atorvastatin 10-20 mg
Rosuvastatin 20-40 mg Rosuvastatin 5-10 mg

Simvastatin 2040 mg

Pravastatin 40-80 mg

Lowastatin 40 mg

Fluvastatin XL 80 mg

Pnavastaﬁn H m AN A N [ N
ADA~=Drapetes management




Antiplatelet therapy

» Aspirin therapy (75-162mg/day) - secondary prevention strategy in those
with diabetes + hx of atherosclerotic CVD

» For patients with atherosclerotic cardiovascular disease and documented
aspirin allergy, clopidogrel (75 mg/day) should be used.

» Dual antiplatelet therapy (low dose aspirin + P2Y12 inhibitor) - for 1 year
after an ACS and may have benefits beyond this period.

» Aspirin therapy (75-162 mg/day) - primary prevention strategy in those
with T1D or T2D who are at increased cardiovascular risk.

» men and women with diabetes aged 250 years + one additional major risk
factor (family history of premature atherosclerotic cardiovascular disease,
hypertension, dyslipidemia, smoking, or albuminuria) and are not at increased
risk of bleeding.

ADA - Diabetes



Type 1 Diabetes (T1D)




Pharmacologic Approaches T1D

» Multiple daily injections of prandial insulin and basal insulin or
continuous subcutaneous insulin infusion.

» Recommend use rapid-acting insulin analogs to reduce hypoglycemia
risk
» Education on matching prandial insulin doses to:
» carbohydrate intake
» premeal blood glucose levels
» anticipated physical activity

» Successful use of continuous subcutaneous insulin infusion - continued
access to this therapy after they turn 65 years of age

ADA - Diabetes



Type 1 DM

» Insulin - starting dose: 0.4 to 1.0 units/kg/day

» Long acting
» Glargine U100 (Lantus) and U300 (Degludec)

» Short acting
» Aspart
» Lispro
» Inhaled insulin

» Pramlintide

» Experimental drugs
» Metformin
» Incretin-based (GLP1 agonist and DPP4 inhibitors)
» SGLT2 inhibitors

» Surgical approach - pancreas and islet cells transplantation

ADA - Diabetes



Diabetes Care in the hospital

» A1C on all patients with diabetes or hyperglycemia (BG>140 mg/dL) if not
performed in the prior 3 months.

» Insulin therapy (validated written or computerized protocols)
» For treatment of persistent hyperglycemia >180 mg/dL.
» Target glucose range of 140-180 mg/dL

» More stringent goals, such as 110-140 mg/dL may be appropriate for selected
patients, if this can be achieved without significant hypoglycemia.

» BG monitoring
» Patient who is eating meals = to be be performed before meals
» Patient who is not eating > every 4-6 h

» Patient on intravenous insulin - More frequent testing (from Q30min to Q2 h)



Diabetes Care in the hospital

» Preferred treatment for noncritically ill patients

» A basal + bolus correction insulin regimen, with the addition of
nutritional insulin in patients who have good nutritional intake

» Preferred treatment for noncritically ill patients with poor oral
intake or those who are taking nothing by mouth (NPO)

» Basal insulin or a basal plus bolus correction insulin
»To correct hyperglycemia

» The use of subcutaneous rapid- or short-acting insulin before meals
or every 4-6 h if no meals are given or if the patient is receiving
continuous enteral/parenteral nutrition is indicated

» Sole use of sliding scale insulin in the inpatient hospital setting
is strongly discouraged.



Diabetes Care in the hospital

» Transitioning from IV to SC insulin

» Patients should receive SC basal insulin 2-4 h before the IV insulin is
discontinued

» Converting to basal insulin at 60-80% of the daily infusion dose

» A few recent randomized pilot trials in general medicine and surgery
patients reported that a dipeptidyl peptidase 4 inhibitor alone or in
combination with basal insulin was well tolerated and resulted in
similar glucose control and frequency of hypoglycemia compared with
a basal-bolus regimen

» Hypoglycemia management protocol

» Episodes of hypoglycemia in the hospital should be documented in the medical
record and tracked.

» The treatment regimen should be reviewed and changed as necessary to
prevent further hypoglycemia when a blood glucose value is <70 mg/dL



Table 14.1—Insulin dosing for enteral/parenteral feedings
Situation Basal/nutritional Correctional

Continuous enteral feedings  Continue prior basal or, if none, calculate from TDD or  5Q regular insulin every 6 h or rapid-acting insulin
consider 5 units NPH/detemir every 12 h or 10 units  every 4 h for hyperglycemia
glargine/degludec daily
Mutritional: regular insulin every 6 h or rapid-acting insulin
every 4 h, starting with 1 unit per 10-15 g of

carbohydrate; adjust daily

Bolus enteral feedings Continue prior basal or, if none, calculate from TDD or  5Q regular insulin every 6 h or rapid-acting insulin
consider 5 units NPH/detemir every 12 h or 10 units  every 4 h for hyperglycemia
glargine/degludec daily

Mutritional: give regular insulin or rapid-acting insulin SQ
before each feeding, starting with 1 unit per 10-15 g of

carbohydrate; adjust daily
Parenteral feedings Add regular insulin to TPN IV solution, starting with 1 unit 5Q regular insulin every 6 h or rapid-acting insulin
per 10 g of carbohydrate; adjust daily every 4 h for hyperglycemia

IV, intravenous; 5Q, subcutaneous; TDD, total daily dose; TPN, total parenteral nutrition.



Diabetes Care in the hospital

»Patients using Glucocorticoids
» Short-acting—> intermediate-acting (NPH) insulin may be sufficient

» Long-acting - long-acting insulin may be used

>Pre-operative care
» Target glucose range for the perioperative period should be 80-180 mg/dL.

» Preoperative risk assessment for patients at high risk for ischemic heart
disease and those with autonomic neuropathy or renal failure

» Withhold metformin the day of surgery

» Withhold any other oral hypoglycemic agents the morning of surgery or
procedure and give half of NPH dose or 60-80% doses of a long-acting analog
or pump basal insulin

» Monitor blood glucose at least every 4-6 h while NPO and dose with sho
acting insulin as needed.



Questions’

» Karyne.Vinales@va.gov




