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Insulin preparations

* In type 2 diabetes, insulin is generally provided in three ways:
 Basal supplement

* Pre-meal (prandial)

* Pre-mixed



Insulin preparations

* In type 2 diabetes, insulin is generally provided in three ways:

 As a basal supplement with an intermediate-acting to long-acting
preparation (NPH, glargine, detemir, or the very long-acting degludec)
to suppress hepatic glucose production and maintain glucose levels
at target in the fasting state.

 As a pre-meal (prandial) bolus dose of short-acting (regular) or rapid-
acting (lispro, aspart, glulisine) insulin to cover the extra requirements
after food Is absorbed.

 As a pre-mixed combination of intermediate-acting and short-acting or
rapid-acting insulin.



Pharmacokinetics of commonly used insulin preparations

(A) Prandial insulin

Insulin type

Lispro, lispro-aabc
aspart, faster aspart
glulisine”

Regular

(B) Basal insulin
Insulin type
NPH

Insulin glargine
U-100

U-300

Insulin detemir

Insulin degludec

~ onset of action

15 to 30 minutes

30 minutes

Half-life"
4.4 hours

12 hours
19 hours
5to 7 hours

25 hours

Effective peak

1 to 3 hours

1.5 to 3.5 hours

Effective peak
4 to 6 hours

No pronounced peak
No pronounced peak
3 to 9 hours

No pronounced peak

~ duration of action*

4 to 6 hours

8 hours

~ duration of action®
12 hours

20 to >24 hours
20 to >24 hours
6 to 24 hourse

>24 hours



* * Glucose-lowering action may vary considerably in different
Individuals or within the same individual; the duration of action Is

dose dependent.

1 Lispro-aabc and faster aspart have quicker pharmacokinetic profiles

than standard lispro and aspart.

A In general, it takes 4 half-lives to reach steady state. Dose

adjustments should not be made until after steady state Is achieved.

¢ Insulin detemir: At higher doses (>0.8 units/kg), mean duration of

action Is longer and less variable (22 to 23 hours).

N ulin




TABLE 397-4 Properties of Insulin Preparations™

and GLP-1 receptor agonist

EFFECTIVE

PREPARATION ONSET. h DURATION, h
Short-acting®

Aspart <0.25 0515 |2-4

Glulisine <0.25 0515 |2-4

Lispro’ <0.25 0515 |2-4

Regulars 0510 2-3 3-6

Iinhaled human insulin 05-10 2-3 3

Degludec 1-9 —F 42°

Detemir 1-4 —F 1224

Glargine’ 2-4 — 2024

NPH 2-4 4-10 10-16

75/25-75% protamine lispro, <0.25 Dual' 10-16

25% lispro

70/30-70% protamine aspart, <0.25 Dual’ 1518

30% aspart

IE_»O/ 50-50% protamine lispro, 50% | <0.25 Dual’ 10-16

ISpro

70/30-70% NPH, 30% regular 051 Dual 10-16
Combination of long-acting insulin See text

“lnjectable insulin preparations {(with aexception of inhaled formulation) available in
the United States; others are availabie in the United Kingdom and Eurcpe.
"Formulation with niacinamide has a slightly more rapid onset and offset “Degludec,
determir, and glargine have minimal peak activity. “Duration is dose-dependent.
“Other insulin combinations are available. "Dual: two peaks—one at 2-3 h and the
second one several hours later. BAlso available in concentrations >U-100.
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SOLIQUA™ 100/33

(insulin glargine and lixisenatide injection)

For Single Patient Use Only

100 units/mL and 33 mcg/mlL

With each unit of insulin glargine,

the pen also delivers 0.33 mcg of lixisenatide

Only for Doses from 15 to 60 Units

Solution for injection in a SoloStar* dispasable insulin delivery device

Never remove medication using a syringe

Do not mix with other insulins

for subcutancous injection only

Use only if solution is clear and colordess with no particles visible

*Needles not imtl:nded (see back panel) -
Five 3 mL prefilled pens (15 mL total)

Dispense with the medication guide SANOFI s




Concentrated Insulins

« U-300 glargine has a longer duration of action than U-100 glargine
but modestly lower efficacy per unit administered.

* These concentrated preparations may be more convenient and
comfortable for patients to inject and may improve adherence in
those with insulin resistance who require large doses of insulin.




Insulin therapy In Type 2
DM



When Insulin therapy Is necessary?

e 1- Catabolism symptoms of DM
« 2- HbAlc > 10%

* 3- BS > 300 mg/dl

«4-DMT1

BE
CAREFUL




Indications for initial treatment with insulin

 Severe hyperglycemia on presentation
. Eytmpto_m)atic (eg, weight loss, polydipsia, polyuria) or severe hyperglycemia with
etonuria

« FBG >250 mg/dL, random glucose consistently >300 mg/dL, A1C >9 percent but
without ketonuria or spontaneous weight loss, 1n whom type 1 diabetes is not likely

* Difficulty distinguishing type of diabetes (42 percent of cases with TIDM
present after 30 years of age)

 Pancreatic insufficiency (cystic fibrosis, chronic pancreatitis, or after
pancreatectomy)

« Other —Initial intensive insulin treatment for a brief period (two to four
weeks) may be beneficial in patients with type 2 diabetes and may induce a
remission that can last for a year or more .

* Persistent hyperglycemia on oral agents
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Diagnosis OF DKA

* (1) BS >250 mg/dL
* (2) Moderate to severe ketonemia
* (3) Acidosis (pH <7.3 or plasma bicarbonate <15 mEqg/L)



Euglycemic DKA

* Poor oral intake
 Those treated with insulin prior to arrival in the emergency department

* Pregnant women
* SGLT2I
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Use Principles in Figure 9.3, including reinforcement of behavioral
interventions (weight management and physical activity) and provision
of DSMES to meet individualized treatment goals

Consider GLP-1 RA in most patients prior to insulin® P already on GLP-1 RA or if GLP-1 RA ]
INITIATION: Initiate appropriate starting dose for agent selected (varies within class) ' not appropriate OR insulin preferred :
TIERATION: Tiicate to meintansncedose (varles witin ass) drssssensroyeressss v . . B &
Add basal insulin®
Choice of basal insulin should be based on patient-specific considerations, including cost. I &...... .
Refer to Table 9.4 for insulin cost information.

v
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Add basal analog or bedtime NPH insulin

INITIATION: Start 10 units per day OR 0.1-0.2 units/kg per day
TITRATION:
» Set FPG target (see Section 6: Glycemic Targets)

» Choose evidence-based titration algorithm, e.g., increase 2 units every 3 days to
reach FPG target without hypoglycemia

» For hypoglycemia determine cause, if no clear reason lower dose by 10-20%

2

Assess adequacy of basal insulin dose

Consider clinical signals to evaluate for overbasalization and need to consider adjunctive
therapies (e.g., basal dose more than ~0.5 units/kg/day, elevated bedtime-morning
and/or post-preprandial differential, hypoglycemia [aware or unaware], high variability)

Consider GLP-1RA
if not already in
regimen

For addition of
GLP-1 RA, consider
lowering insulin dose  :

dependent on current @
glycemic assessment
and patient factors

Add prandial insulin®
Usually one dose with the largest meal or meal with greatest PPG excursion; prandial
insulin can be dosed individually or mixed with NPH as appropriate

INITIATION: TITRATION:

» 4 units per day or 10% of basal » Increase dose by 1-2 units
insulin dose or 10-15% twice weekly

» If A1C <8% (64 mmol/mol) consider = For hypoglycemia determine
lowering the basal dose by 4 units per cause, if no clear reason lower

day or 10% of basal dose corresponding dose by 10-20%
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If on bedtime NPH, consider converting to
twice-daily NPH regimen

Conversion based on individual needs and current
glycemic control. The following is one possible approach:

INITIATION:

= Total dose = 80% of current bedtime NPH dose

= 2/3 given in the morning
= 1/3 given at bedtime

TITRATION:

= Titrate based on individualized needs
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Consider GLP-1 RA ' Add prandial insulin®
if not already in : Usually one dose with the |argest meal or meal with greatest PPG excursion; prandial
regimen : insulin can be dosed individually or mixed with NPH as appropriate
Foraddionof & INITIATION: TITRATION:
GLP-1 RA, consider  : = 4 units per day or 10% of basal = Increase dose by 1-2 units
lowering insulin dose insulin dose or 10-15% twice weekly

dependent on current :
glycemic assessment :
and patient factors

= If A1C <8% (64 mmol/mol) consider
lowering the basal dose by 4 units per

day or 10% of basal dose

= For hypoglycemia determine
cause, if no clear reason |ower
corresponding dose by 10-20%

If on bedtime NPH, consider converting to

: twice-daily NPH regimen

Conversion based on individual needs and current

+ glycemic control. The following is one possible approach:
: INITIATION:

: = Total dose = 80% of current bedtime NPH dose

: = 2/3 given in the morning

: = 1/3 given at bedtime

TITRATION:

= Titrate based on individuallzed needs

...ooo.o..l00.00000'o...oooo'uccooo.“

Stepwise additional Consider self-mixed/split insulin regimen
injections of Can adjust NPH and short/rapid-acting insulins
prandial insulin separately
(e, two, then three INITIATION:
additional injections) « Total NPH dose = 80% of current NPH dose
1 = 2/3 given before breakfast
= 1/3 given before dinner

- Proceed to full = Add 4 units of short/rapid-acting insulin to
basal-bolus regimen each injection or 10% of reduced NPH dose
(i.e., basal insulin and TITRATION:

prandial insulin with = Titrate each component of the regimen

each meal) based on individualized needs

Consider twice daily premixed
insulin regimen

INITIATION:

= Usually unit per unit
at the same total
insulin dose, but may
require adjustment to
individual needs

TITRATION:

= Titrate based on
individualized needs




TABLE 1 When to Consider Treatment Intensification
Beyond Basal Insulin

Definition of overbasalization: the titration of basal insulin beyond an
appropriate dose in an attempt to achieve glycemic targets

How to identify overbasalization:

Basal insulin dose >0.5 units/kg/day

Postmeal blood glucose >180 mg/dL

A1C not at goal despite target fasting blood glucose level being achieved

BeAM differential =50 mg/dL



Sulfonylureas and DPPA41I

« When initiating combination injectable therapy, metformin therapy
should be maintained while sulfonylureas and DPP-4 inhibitors are
typically weaned or discontinued.
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Simplify complex insulin regimens

 As people with type 2 diabetes get older, it may become necessary to
simplify complex insulin regimens because of a decline in self-
management ability.




Simplification of Complex Insulin Therapy

( Patient on basal (long- or intermediate-acting) and/or prandial (short- or rapid-acting) InsulinsV” ) ( Patient on premixed insuling

Y

C

Change tming from bedtime 0 moming )

Y

Additional Tips

= Do not use mpid- and shoct-acting insulin at bedtime
= While adjusting prandial insulin, may use simplified

sliding scale. for example:

s ™ ~ ™
f i <3 { )
Titrate dose of bassl insuln based on tasting R mesiong i s30 tnite'done
finparsick glucoss teat results cver a week I pearufial insufin =10 urstsiSose s  Discontite prandial insudin and aod
5 - 50% snd add o noninsuln ageni(s)
Fasting Gaak 90-150 mg'dl (20-8.5 mmol'L) ; 5 ’,E By 50°% find acd nonins
= May change goal based on overall health gan
and geals of care®* Titrate prandal inauin doses doan &2
\ 4 nannsulin agent dases are ncreassd
& wilh aim o dscontrue poundisd nsudin
K il ~ J Add nocnsufinagerts
i S0 of the lesting fingeralick gucose & 1
valuss a5s over hegmrg : s M eGFR S ingial | start metiormin 500 mg
. - datily =nd ncresse dose svery 2 woeks, as
- doss by 2 unts R w y
I »2 fasting lingerstick valussiweek ane 80 s M AGFRE <25 mg/dl . patiend i siready
mgfdl (4.4 mmoll} Laking Metiormin, of melformin is not Diemted,
= o dase by 2 unita procesd 1o ancond-ine agent
\ -

Y A

O Premeal glucose >250 mg'dl (1.8 mmolL),
pive 2 units of short- or rapid-acting insufin
o Premeal glucose >350 mg/dl {19.4 mmoll),
give 4 units of short- or rapid-acting insulin

Stop sliding scale when not needed dally

-

Using patentand drily characteristics 10 guide decsiot-making, & depicied in
Fig 9 3and Tahig B0 select acdiicnal agent(s) as nesded

Evary 2 Weeks, adjust nsulin gase and/or add glucose-lawering agents based on
tlucose lesting performed before lunch and bedare dnnes

GOt 80150 mygidl (5.0-8 3 mmal) bedore meals; may changa

goal Based on overall health und goals ol care*™*

¥ 50% of prameal lingerstick valuss over 2 weekes are above gosl, increass the

dose or add anather agend

! »2 premeal lingerstick values/weaek are <90 mpdL (5.0 menalL),

decrease the dose of medcation

s

Figure 13.1—Algorithm to simplify insulin regimen for older patients with type 2 diabetes. eGFR, estimated glomerular filtration rate. *Basal insu-
lins: glargine U-100 and U-300, detemir, degludec, and human NPH. **See Table 13.1. ¥Prandial insulins: short-acting (regular human insulin) or
rapid-acting (lispro, aspart, and glulisine). §Premixed insulins: 70/30, 75/25, and 50/50 products. Adapted with permission from Munshi and col-
leagues (85,123,124).



PHARMACOLOGIC
THERAPY FOR TYPE 1
DIABETES
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TYPE 1 DIABETES

« Multiple daily injections of prandial and basal insulin, or continuous
subcutaneous insulin infusion

« Rapid-acting insulin analogs — | hypoglycemia risk

* Patients with type 1 diabetes should be trained to match prandial
Insulin doses to carbohydrate intake, premeal blood glucose, and
anticipated physical activity.




Insulin Therapy

 The hallmark of type 1 diabetes Is absent or near-absent 3-cell function
* Hypertriglyceridemia

 Ketoacidosis

* Tissue catabolism



TYPE 1DIABETES

* In general, patients with type 1 diabetes require 50% of their daily
iInsulin as basal and 50% as prandial.



TYPE 1DIABETES

« Total daily insulin requirements can be estimated based on weight,
with typical doses ranging from 0.4 to 1.0 units/kg/day.

« Higher amounts are required during:
* Puberty

* Pregnancy

« Medical illness




Recommended sites for insulin injection
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Injection site rotation




Insulin Injection =
Technique E—
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