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1 | WHAT IS NEW OR DIFFERENT

• Updated insulin treatment sections including new bolus and basal

insulin formulations

• Refined recommendations on principles of intensive insulin treat-

ment regimens

• Review of the role and rationale for new insulin analogs, biosimilars

and diabetes technology devices for insulin therapy in pediatric

diabetology

• Key considerations with regards to access to insulin and affordability

2 | EXECUTIVE SUMMARY AND
RECOMMENDATIONS

• Insulin treatment must be started as soon as possible after diagno-

sis (usually within 6 h if ketonuria is present) to prevent metabolic

decompensation and diabetic ketoacidosis (DKA). A

• Intensive insulin regimens delivered by combinations of multiple

daily injections or pump therapy with substitution of basal and

prandial insulin aiming to have optimal glycemic level have become

the gold standard for the treatment of diabetes in children across

all age groups. E

• Insulin therapy must be individualized in order to achieve optimal

glycemic targets to reduce complications of diabetes. E

• Achieving and improving glycemic targets by intensive insulin

treatment have been conclusively shown to reduce diabetes com-

plications, comorbidities, and mortality in adolescents and adults.

A There is no reason to believe this is not the case also in younger

children. E

• In all age groups, as close to physiological insulin replacement as

possible and optimal glycemic control must be the aim using the

locally available basal and prandial insulins. A

• Insulin treatment must be supported by comprehensive education

appropriate for the age, maturity, and individual needs of the child

and family regardless of the insulin regimen. A

DOI: 10.1111/pedi.13442

Pediatr Diabetes. 2022;23:1277–1296. wileyonlinelibrary.com/journal/pedi © 2022 John Wiley & Sons A/S. Published by John Wiley & Sons Ltd. 1277

mailto:eda.cengiz@ucsf.edu
http://wileyonlinelibrary.com/journal/pedi


• Aim for appropriate insulin dosage throughout 24 h to cover basal

requirements and bolus prandial insulin in an attempt to match the

glycemic effect of meals. E

• Delivering prandial insulin before each meal is superior to post-

prandial injection and is preferred if possible. C

• Daily insulin dosage varies greatly between individuals and changes

over time. It therefore requires regular review and reassessment. E

• The distribution of insulin dose across the day shows great individ-

ual variation. Regardless of mode of insulin therapy, doses should

be adapted to the circadian variation based on the daily pattern of

blood glucose levels (BGLs). B

• All young people should have rapid-acting or regular insulin avail-

able for prevention and management of diabetes hyperglycemia

and ketosis emergencies. E

• It is essential that a small supply of spare insulin should be readily

available to all children and adolescents so that the supply is unin-

terrupted. E

• Children and adolescents should be encouraged to inject consis-

tently within the same area (abdomen, thigh, buttocks, arm) at a

particular time of the day, but must avoid injecting repeatedly into

the same spot to prevent lipohypertrophy. B

• Insulins need to be administered by insulin syringes or other injec-

tion devices calibrated to the type and concentration of insulin

being used. E

• Regular checking of injection sites for site reactions, injection tech-

nique and skills to ensure proper insulin delivery remain a responsi-

bility of parents, care providers and health professionals. E

• Health care professionals have the responsibility to advise parents,

other care providers and young people on adjusting insulin therapy

safely and effectively. This training requires regular review, pattern

recognition, reassessment and reinforcement. E

3 | INTRODUCTION

Insulin has been the core life-saving treatment for diabetes since its

discovery in 1921. Near normoglycemia has been well established as

a goal of treatment of type 1 diabetes (T1D) based on the results of

the landmark Diabetes Control and Complications Trial (DCCT). The

DCCT and its follow-up study, the Epidemiology of Diabetes Interven-

tions and Complications study (EDIC), confirmed that an improvement

in long-term glucose control by intensified insulin therapy and exten-

sive support and education, can reduce the incidence of complications

and delay the progression of existing complications in T1D, in adoles-

cents and adults.1

Despite significant advances in insulin treatment, clinical use of

insulin is remarkably complex, and optimal glycemic control can be

challenging to achieve and maintain. There is rarely a predictable

treatment regimen that always applies to all persons, particularly for

children and adolescents with T1D. The insulin requirement of chil-

dren and adolescents with T1D is never static given the dynamic

nature of growth, development, hormonal changes during childhood

and adolescence, which necessitates frequent dose adjustments.

Consequently, young people with T1D require a customized, highly

dynamic, and engaging system to sustain optimal glycemic control and

tackle multiple disruptors of daily life.

Exogenous insulin administration that recapitulates as closely as pos-

sible the physiologic pattern of insulin secretion by pancreatic β-cells has

been considered the ideal insulin treatment to achieve optimal glycemic

control. The physiology of insulin secretion includes a basal and a pran-

dial pattern.2 A healthy pancreatic β-cell secretes continuous basal (low

level) insulin and an incremental postprandial (high level) insulin with

meals to control BGLs in a tight range.2 The fundamentals of pediatric

insulin treatment attempt to replicate this pattern of basal insulin and

prandial insulin secretion. This treatment approach has also been known

as basal-bolus insulin or multiple daily insulin injection (MDI). This type of

treatment allows more flexibility in the daily lives of persons living with

diabetes by partially accommodating variable and sometimes unpredict-

able eating patterns. Furthermore, in randomized trials, better BG control

has been achieved by using MDI regimens, either by insulin injections or

pump treatment compared to a twice-daily insulin treatment.1,3

Young people with diabetes often require multiple daily injections

of insulin, using combinations of rapid-, short-, intermediate-, or long-

acting insulin before meals and at bedtime to maintain optimal BG

control. Insulin pump treatment is another type of basal-bolus insulin

treatment frequently used in children. There is some variation in insu-

lin regimens, both within regions as well as among pediatric diabetol-

ogists in the same country, which may be explained by availability,

cost or insurance coverage of newer insulin formulations or because

of personal preference and experience of the individual with diabetes

and their respective diabetes team.

The evolution of insulin formulations over the course of years has

broadened the treatment options for the unique needs of young peo-

ple with diabetes. New insulin analogs and diabetes technology tools

have transformed insulin treatment during the past few decades. Reg-

ular and NPH/ultralente insulins that were used during the DCCT

have been replaced by newer generation insulin formulations in many

countries. The rapid-acting and long-acting insulin analogs were devel-

oped to provide a more physiologic insulin profile.

The availability of new insulins and the use of new technology

have improved the management of diabetes. Increased risk of severe

hypoglycemia was an adverse effect of intensive therapy during the

DCCT.1 In contrast to the DCCT experience, recent large diabetes

registry studies have clearly shown a diminishing relationship of signif-

icant or severe hypoglycemia with lower glycemic targets in people

with T1D.4 On the other hand, the deleterious effect of hyperglyce-

mia on the developing brain has been concerning and highlights the

importance of controlling both hyperglycemia and hypoglycemia.5

4 | INSULIN FORMULATIONS

Insulin formulations (approved for pediatric use) are listed in Table 1

and are classified in three major groups as prandial, intermediate-acting

and basal long-acting insulins. In general, prandial insulins consist of

rapid-acting insulins that are intended for bolus injection before meals
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or use in insulin pumps. Basal insulins are long-acting insulins that are

intended to be injected not more often than once or twice a day.

4.1 | Prandial insulins

Prandial insulin boluses attempt to mimic endogenous insulin secre-

tion in response to a meal. In response to food intake, the β-cell nor-

mally releases insulin in a rapid first-phase followed by a second-

phase with prolonged release of insulin into the portal circulation.

Rapid-acting insulins (RAI) have been developed to more closely mimic

the physiological response of endogenous human insulin to food

intake, to improve control of postprandial BG excursions, and to

reduce the risk of hypoglycemia.6 A correction insulin bolus dose of

RAI can be given premeal or in-between meals to normalize glycemia.

4.1.1 | Regular (short-acting) insulin

Regular soluble insulin (identical to human insulin) is still used as an

essential component in many parts of the world either:

• As pre-meal bolus injections in basal-bolus regimens (given 20–

30 min before meals) together with intermediate-acting insulin 2–3

(or even 4) times daily or a basal long-acting analog given once or

twice daily.

• Or combined with Intermediate-acting insulin in a twice daily regimen.

4.1.2 | Rapid-acting insulins

RAI is manufactured by modifying human insulin, namely, by changing

the amino acid sequence or by the addition of free fatty acid chains to

the original molecule that primarily leads to altered absorption from

the subcutaneous tissue. These alterations serve one of two main pur-

poses; (1) mimic physiologic prandial insulin secretion by accelerating

insulin absorption into the bloodstream for a rapid onset of action rel-

ative to human regular insulin and (2) shorter duration of action that

provides enough time to control postprandial BGLs while preventing

late hypoglycemia.

RAIs have a more rapid onset of action and a shorter duration of

activity compared to regular human insulin when administered subcu-

taneously. This glucose lowering action profile of RAI allows for insu-

lin injection closer to meal onset, allowing postprandial glycemic

control with greater flexibility in daily life. In brief, one unit of RAI has

the same glucose-lowering effect as one unit of regular insulin, how-

ever, the timing profile differs between regular insulin and the RAI.

Three RAIs are approved for use in adult and pediatric persons:

insulin lispro (indicated in all persons regardless of age), insulin aspart

(≥1 year age), and insulin glulisine (≥6 years age). The three RAIs differ

in their amino acid composition and chemical properties, but no signif-

icant clinical outcome differences in time of action and duration have

been reported.7–10 They all have a rapid onset and shorter duration of

action than regular insulin (Table 1).

We recommend considering the following points when using RAI

• RAI should be given ideally 10–15 min before meals or immedi-

ately before meals given the strong evidence that the rapid action

not only reduces postprandial hyperglycemia, but nocturnal hypo-

glycemia may also be reduced.11–15

• In exceptional cases, with the goal of matching actual food intake

and insulin more closely and minimizing the potential for hypogly-

cemia in erratic eaters, RAI can be given after the meal to more

accurately titrate the insulin doses.14 Nevertheless, premeal insulin

dosing results in lower postprandial BG values for children with

more predictable eating habits.11

TABLE 1 Types of insulin preparations (approved in pediatrics) and action profiles for subcutaneous (s.c.) administration

Insulin type Onset of action (h) Peak of action (h) Duration of action (h)

Prandial insulins

Ultra-rapid-acting analog (faster aspart) 0.1–0.2 1–3 3–5

Rapid-acting analogs (aspart, glulisine and lisproa) 0.15–0.35 1-3 3–5

Regular/soluble (short acting) 0.5–1 2–4 5–8

Intermediate acting insulin

NPHb 2–4 4–12 12–24c

Basal long-acting analog

Glarginea 2–4 8–12 22–24c

Detemir 1–2 4–7 20–24c

Glargine U300 2–6 Minimal peak 30–36

Degludec 0.5–1.5 Minimal peak >42

Note: All insulins used must be produced under “Good Manufacturing Practice/Good Laboratory Practice” conditions. Peak and duration of action of a

specific insulin formulation is affected by the dose; that is, large doses tend to last longer than small doses.
aBiosimilar formulation approved in some countries.
bNPH: neutral protamine hagedorn insulin; isophane insulin.
cThe duration of action may be shorter.
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• When hyperglycemia is present, RAI should be given in advance of

eating.

• RAIs correct hyperglycemia, with or without ketosis, quicker than

soluble insulin owing to their faster glucose-lowering action.

• Are used as prandial or snack boluses in combination with longer

acting insulins (see basal bolus regimens).

• Are used in insulin pumps.

4.1.3 | Ultra-rapid-acting insulins

Faster onset and offset of insulin action, replicating physiologic insulin

action, is highly desirable to provide greater glycemic control, mini-

mize hypoglycemic episodes and reduce weight gain.

Ultra-rapid-acting insulins are intended to improve the time-

action profile of prandial insulins to cover the rapid increase in BG

after meals and may be particularly useful for pumps and automated

insulin delivery (AID) systems. Because human insulin and RAI gener-

ally exist in solution as stable hexamers, the delay in absorption is

largely accounted for by the time it takes for hexamers to dissociate

into monomers and dimers before they enter the circulation. Faster-

acting insulin aspart contains the excipients niacinamide and L-

arginine to speed up the monomer formation. This new insulin has a

faster onset and offset than aspart insulin and should better control

initial post-meal spikes in BGLs and causes less hypoglycemia hours

later.16 The ultra-fast-acting insulin aspart has been approved by the

European Medical Agency (EMA) for (children ≥1 year old) and the

U.S. Food and Drug Administration (FDA) for (children ≥2 years old).16

In children and adolescents with T1D (1–18 years old), mealtime

and postmeal faster-aspart combined with insulin degludec provided

effective glycemic control compared to insulin aspart in a multicenter,

randomized, double blind clinical trial of 26 weeks duration. There

were no additional safety concerns for insulin faster-aspart versus

insulin aspart throughout the study.

Ultra-rapid-acting lispro is approved for adults with diabetes. The

pharmacodynamic and pharmacokinetic action of ultra-rapid-acting

lispro has been investigated in a small-scale meal study in children (6–

18 years old); however, it is not yet approved for young people with

diabetes.

Other investigational ultra-rapid-acting insulin analogs

(BioChaperone® Lispro, AT 247)17 are being tested in adult subjects

with diabetes.

Human insulin inhaled powder is the fastest acting exogenous

insulin given that the insulin is absorbed quickly from the lungs elimi-

nating the delays after subcutaneous injection. It has been approved

in adults with diabetes but is not yet approved for children. A clinical

trial of this inhaled insulin for pediatric use is ongoing.

4.2 | Intermediate-acting insulin

For over half a century, isophane NPH (neutral protamine Hagedorn)

was the primary form of basal insulin used. The addition of protamine

to insulin delayed the dissociation of insulin and slowed the absorp-

tion of insulin monomers into the circulation. The duration of action

of NPH is longer than that of human regular insulin, but is not suffi-

cient to sustain daily physiological basal insulin needs for people with

severe insulin deficiency when given once a day. Its action profile

requires twice daily administration to provide the background insulin

needed to regulate lipolysis and hepatic glucose production.18 The

strategy is hampered by a small peak that occurs 4–7 h after

administration.19,20

Insulin regimens based on intermediate-acting NPH and short-

acting (regular) insulins have been used for decades to regulate BGLs,

however, are limited in their ability to achieve optimal glycemia given

the limitations of their insulin action profiles. First, the use of NPH

requires a fixed schedule of meals and snacks throughout the day to

avoid hypoglycemic events. Second, even more problematic, is the small

peak action that occurs with the evening NPH dose. This peak glucose

lowering action occurs at the time of minimal insulin need between mid-

night and 4 am, increasing the risk of nighttime hypoglycemia.21 In addi-

tion, the dose-effect dissipates in the early morning hours (i.e., 4 to

8 am) during the time of greater insulin requirements, contributing to

morning hyperglycemia and the so-called “dawn phenomenon”22 A third

problem of NPH insulin is the high day-to-day variability of its glucose

lowering action.19 NPH insulin has to be resuspended by rolling it gently

12 to 15 times prior to injection. Insufficient resuspension of NPH adds

to the day-to-day variability of the glucose lowering effect and is

reflected by greater glycemic variability and hypoglycemia.23 The greater

variability of the glucose lowering action of NPH insulin compared with

newer basal insulins has been verified by various studies.19,24,25

Nevertheless, NPH insulin use has some advantages. It costs less

than many other basal insulins. The number of daily insulin injections

can be reduced because NPH can be mixed with RAI. The peak of

NPH action given in the morning may provide some insulin coverage

for morning snack or lunch for school-going children who have limited

resources to inject insulin at school and have lunch at a consistent

time with a consistent amount of carbohydrate everyday26,27 NPH

has been used with regular insulin to prevent hyperglycemia due to

intermittent enteral feeds for persons with T1D and T2D.28,29 In addi-

tion, it can be used as a bridge to the longer-acting basal insulins given

in the evening when transitioning from IV insulin in the morning or

during the honeymoon period.27,30

4.3 | Basal insulin analogs

A basal insulin analog is intended to mimic the steady insulin secretion

profile of a healthy pancreas during the fasting state. The action of

basal insulin secretion is fundamental to stop ketogenesis and hepatic

glucose output. Basal insulin coverage may be achieved by subcutane-

ously injected basal insulin analogs that are grouped as long-acting

insulins or continuous subcutaneous infusion of rapid-acting insulin

analogs by an insulin pump.

Glargine. Insulin glargine was the first of the newer generation of

basal insulin analogs and largely eliminated the need for twice-daily

1280 CENGIZ ET AL.



NPH. Glargine has two modifications made to the human insulin

structure including a glycine substitution for asparagine on position

A21, and two arginine residues attached to the carboxy-terminal of

the beta chain. The resulting shift of the isoelectric point makes glar-

gine soluble at a pH of 4, and precipitates in the neutral pH of subcu-

taneous fat. This allows for the slow steady release of insulin glargine

from its crystalline structure over an approximate 24-h period without

a peak. The acidity while in solution has led to complaints from per-

sons in regard to stinging and burning on injecting, yet overall studies

appear to show greater quality of life and satisfaction compared to

NPH.31–33

A multi-national randomized controlled trial (RCT) with 125 chil-

dren aged 2–6 years using continuous glucose sensors showed once a

day glargine was as efficacious as twice daily NPH.34 While the ideal

is to minimize injections and keep glargine to a once daily administra-

tion, there are situations that may warrant twice a day regimen.35,36

Detemir. Insulin detemir has the amino acid threonine at B30

omitted and a 14-carbon fatty acid covalently attached to the lysine

at B29. The fatty acyl side chain stabilizes the hexamers and prolongs

the persistence of insulin detemir at the injection site by slowing hex-

americ dissociation and subsequent monomeric absorption. In addi-

tion, the fatty acyl chain enables binding to serum albumin and

reduces the amount of free insulin available for engagement with

insulin receptors. Subsequently, the disposition of detemir to periph-

eral tissues and its clearance from the body are slower than regular

insulin. Insulin detemir has a slow onset of action, with a peak at 4–

7 h and a duration of action up to 20–24 h. The complex then dissoci-

ates with a time frame between 6 and 23 h. Anecdotally, detemir insu-

lin causes less local pain compared with the injection of glargine,

which is an acidic solution.

Detemir may be administered once or twice daily based on clinical

needs and BGL monitoring, but frequently two daily doses are

required given its shorter duration compared to glargine. In a pediatric

study, 70% of the participants used detemir twice daily.37 In another

trial twice daily detemir showed no clinical advantage over once daily

detemir, but those in active puberty often required twice-daily

therapy.38

When performing conversion between other basal insulins and

detemir, prescribers should be aware that higher doses of detemir as

compared with glargine may be necessary to achieve the same glyce-

mic control.39

Detemir is characterized by a more reproducible pharmacokinetic

profile than glargine in children and adolescents with T1D. In compari-

son to glargine, detemir was shown in a double-blind RCTin children

8 yo to 17 yo with T1D to have less within subject variability.40 Dete-

mir use has been shown to reduce risk for overall and nocturnal hypo-

glycemia versus NPH in a 52 week study24 and a lower risk of

nocturnal and severe hypoglycemia compared to glargine in a multi-

center study.41

In adults, studies with detemir have shown less weight gain,

which has been observed also in children and adolescents. Although

the precise mechanism remains unclear, it is likely that the weight-

sparing effect of insulin detemir can be explained by a combination of

mechanisms.42 Human studies have shown changes in cerebral mech-

anisms leading to decreased appetite with detemir infusion as well as

preferential liver utilization over peripheral tissue resulting in less

lipogenesis.42–47

Detemir is approved for children by EMA for children ≥1 year old

and FDA for children ≥2 years old.

Glargine U300: Glargine U300® is a more concentrated formula-

tion (300 units/ml) of the original insulin glargine U100 product

(Lantus®), resulting in flatter pharmacokinetic and pharmacodynamic

profiles and prolonged duration of action (>24 h) because of a more

gradual and protracted release from the more compact subcutaneous

depot. There is less diurnal variation in glucose-lowering activity with

U-300 compared with the same dose of U-100 glargine.48 The full glu-

cose lowering effect may not be apparent for at least 3 to 5 days of

use. The EDITION 4 trial, which was a randomized study in adults

with T1D, and the EDITION JUNIOR trial, focusing on persons 6–

17 years old with T1D, showed non-inferiority of glargine U300 to

glargine U100 with similar rates of hypoglycemia and similar glycemic

control.49 However, some studies have shown that glargine U300 has

reduced nocturnal hypoglycemia and improved glycemic stability com-

pared to glargine in adults with T1D.50,51

U300 is EMA and FDA approved for children ≥6 years.52

Degludec. Degludec is a novel ultra-long-acting analog (glucose

lowering effect beyond 24 h after subcutaneous injection). The insulin

degludec molecule is structured by omitting the B30 threonine from

the human insulin molecule and attaching a side chain to the B29

lysine consisting of glutamic acid and a 16-carbon fatty acid with a

terminal carboxylic acid group. Degludec forms soluble multi-

hexamers after subcutaneous administration, which then slowly disso-

ciate and results in a slow and stable release of degludec monomers

into the circulation. Moreover, the binding of monomers to albumin in

the circulation slows the disposition of degludec to peripheral tissues

and clearance from the body extending the action for up to 42 h or

longer. Because the half-life of degludec is 25 h, dose adjustments are

made every 3–4 days without insulin stacking.53 The pharmacokinet-

ics also allow a lot of flexibility with dose administration and in adults

can be given once a day at any time of the day as long as 8 h has

elapsed since the previous injection.54

Results in young people indicate that the long-acting properties

of degludec are preserved also in this age group.55 More consistent

glucose lowering action with degludec is expected once steady state

is reached. The long half-life of this basal long-acting analog translates

into reduced peak–trough fluctuations and a more consistent glucose

lowering action (flatter time–action profile) over a 24-h period. Fur-

thermore, the ultra-long action profile of degludec should allow chil-

dren to have a less stringent timing of basal insulin administration

from day to day, which may be beneficial in the erratic lifestyles

encountered frequently in the adolescent population.

In the pediatric regulatory trial, insulin degludec once daily was

compared with insulin detemir once or twice daily, with prandial insu-

lin aspart in a treat-to-target, randomized controlled trial (RCT) in chil-

dren 1–17 year with T1D, for 26 week (n = 350), followed by a

26-week extension (n = 280). Degludec achieved equivalent long-
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term glycemic management, as measured by HbA1c with a significant

reduction of fasting plasma glucose at a 30% lower basal insulin dose

when compared with detemir. Rates of hypoglycemia did not differ

significantly between the two treatment groups; however, hypergly-

cemia with ketosis was significantly reduced in those treated with

degludec, potentially offering a particular benefit for persons prone to

DKA.56 Degludec is EMA and FDA approved for children with diabe-

tes ages 1 year and older.57

Once weekly basal analogs. There is ongoing research to develop

novel basal insulin analogs intended for once-weekly administration.

The Icodec ultra-long acting, weekly basal insulin analog includes

three amino acid substitutions (A14Glu, B16His, B25His) that increase

molecular stability, reduce enzymatic degradation and insulin

receptor-mediated clearance. 20-carbo icosane fatty acid attached to

the insulin amino acid chain via a hydrophilic linker to insulin leads to

durable binding to circulating albumin and very protracted release.

These modifications extend Icodec insulin's half-life to about 8 days

with a flat and stable pharmacokinetic profile, low peak-to-trough var-

iations, and evenly distributed glucose lowering efficacy with a weekly

dosing interval. There are currently no pediatric data for once weekly

insulins.58,59

4.4 | Premixed insulin

Premixed insulins contain a fixed ratio mixture of premeal and basal

insulins and are not routinely used for diabetes care of children. Pre-

mixed insulins eliminate the flexibility offered by separate adjustment

of the two types of insulin, which is especially useful for children with

variable food intake.

Though not recommended, premixed insulins are infrequently

used to reduce the number of injections when adherence to the

regimen is a problem. There are limited data regarding the use of

premixed insulins in young children. There is some evidence sug-

gesting inferior metabolic control when premixed insulins are used

in adolescents. Higher rates of DKA and severe hypoglycemic risk

have been reported in children, adolescents, and young adults with

TIDM using premixed insulin as compared to a basal-bolus insulin

regimen.60

Traditionally, premixed insulins were a mixture of NPH and regu-

lar insulin (or rapid-acting). The premixed insulins available in various

countries have different ratios of NPH/regular (rapid) insulin: 10:90,

15:85, 20:80, 25:75, 30:70, 40:60, 50:50. Premixed insulins are suit-

able for use in pen injector devices, but require resuspending the insu-

lin before use by tipping or rolling it 20 times to ensure complete and

uniform resuspension of NPH insulin.23

The most recent addition to the premixed insulin analog group is

a mixture of rapid-acting insulin aspart (30%) with long-acting insulin

degludec (70%). The insulin degludec and aspart premix showed simi-

lar pharmacodynamic properties to the two injections being given

separately with the rapid absorption characteristics of aspart and flat

and stable profile of degludec maintained separately so the dose can

be easily titrated.61

Degludec/aspart is approved for children with diabetes by the

EMA (children ≥2 year old) and FDA (children ≥1 year old).62

4.5 | Safety of insulin analogs

As insulin analogs are molecules with modified structure compared

with human insulin, safety concerns have been raised due to changes

in mitogenicity in vitro.63 A potential link between glargine and cancer

has been postulated, but in 2013 EMA concluded that insulin

glargine–containing medicines (Lantus®, Optisulin®, Sanofi) for diabe-

tes do not show an increased risk of cancer.64

4.6 | Biosimilar insulins

Biosimilar insulins demonstrate similarity to existing insulins. In con-

trast to generic drugs, which are believed to be chemically identical to

their reference product, biologics such as insulin demonstrate slight

differences in their available counterparts given the use of different

manufacturing techniques and materials (e.g., host cells, tissues). The

FDA regulatory transition of insulins in March 2020 opened a regula-

tory pathway for biosimilar insulin products in the United States and

led to the approval of three glargine biosimilars (Basaglar: FDA

approved for children ≥4 years old; Abasaglar EMA approved for chil-

dren ≥2 years old; Semglee FDA approved for children ≥6 years old;

EMA approved for children ≥2 years old; Rezvoglar FDA approved for

children) and a lispro biosimilar insulin for adults and children with dia-

betes (Admelog FDA and EMA approved for children ≥4 years old

2017, Kixelle insulin aspart approved by EMA 2021 for children

≥1 year old, Sar-Asp EMA approved in 2020 for children ≥1 year

old).65,66

4.7 | Insulin concentrations

The most widely available insulin concentration is 100 IU/ml (U 100).

Regular and NPH insulins are available as 40 IU/ml vials in some coun-

tries. The syringe for administering the 40 IU/ml (red cap) insulin is

different from 100 U/ml (orange cap). More concentrated formula-

tions (U-200, U-300, U-500) of some types of insulin are available to

treat hyperglycemia in severely insulin resistant persons

(e.g., individuals requiring more than 200 total units of insulin daily),

most commonly in adults.

Very young children, infants, and toddlers occasionally require

small insulin doses, therefore may benefit from diluted insulin to allow

for more precise dosing and measurement of insulin in <1 unit incre-

ments. Insulin is diluted with diluent obtained from the manufacturer.

Aspart, Lispro and NPH insulins have special diluents produced by

insulin manufacturers. There have been some reports of using normal

saline to dilute certain types of insulin when manufacturer diluent is

not available. Rapid-acting insulin can be diluted to 1/10 (U10) or U50

with sterile NPH diluent and stored for 1 month67 for use in pumps
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for infants or very young children. Insulin diluted in a 1/5 ratio (U20

insulin; 20 units/ml) has been used successfully during automated

insulin treatment in young children (3–6 years old) with T1D.68–72

Dosing errors with unconventional insulin concentrations can be seri-

ous. Special care is needed in dilution and drawing up the insulin into

the syringe. Providers must ensure that persons are well educated

about how to use concentrated and diluted insulins safely before it is

initiated. Care must be taken to ensure that the same concentration is

supplied each time new supplies are received. Parents with children

using diluted insulin should inform clinicians regarding the type of

insulin they have been using if they transfer their child's care to a new

clinic or seek medical care by a clinician who is not familiar with the

child's care such as an emergency room clinician to minimize insulin

dosing errors.

5 | PRINCIPLES OF INSULIN THERAPY

5.1 | Insulin regimens

The choice of the insulin regimen depends on the availability and

affordability of supplies that each health system provides and the per-

sonal characteristics of each individual. Since lack of insulin is still con-

sidered a major factor influencing therapeutic choices, particularly in

children with T1D worldwide, one of the WHO five global coverage

targets to be achieved by 2030 is that 100% of people with T1D have

access to insulin and glucose monitoring.

Despite clear recommendations for targets of insulin management

in children and adolescents with T1D there is considerable variation in

the therapeutic regimens and the nomenclature is confusing, but the

following classification has been proposed73 for insulin delivery and is

depicted in Figure 1.

I. Glucose- and meal-adjusted injection regimens

• Prandial insulin should be injected before each meal, and ideally

giving a dose before snacks as well. Insulin doses are adjusted

based on pre-meal glucose level, meal composition (particularly

amount and type of carbohydrates) and expected physical activity

in the coming hours. Prandial insulin daily requirements are approx-

imately 55% to 70% of total daily dose.

• Basal/long-acting analog is administered once or twice daily; and is

approximately 30%–45% of the total daily dose.

• Rapid-acting insulin immediately before11,12 and adjusted to glyce-

mia, meal content and daily activity. Rapid-acting analogs may need

to be given 15–20 min before the meal to have maximum effect,

especially at breakfast.74,75 Ultra-fast-acting analogs may be given

closer to the meal.76–80 If regular insulin is used as prandial insulin,

it should be administered 20–30 min before each main meal.81

II. Pump therapy

• Insulin pump therapy is extensively reviewed in the chapter “Tech-
nology: Insulin Delivery” (see ISPAD 2022 consensus guidelines

Chapter 17 Technology: Insulin Delivery for details)

III. Less intensive and fixed dose regimens:

• Less intensive regimens include

� Two or three injections daily using a mixture of short- or rapid-

and intermediate-acting insulins.

� Three injections daily using a mixture of short-or rapid- and

intermediate-acting insulins. Beyond the remission or honey-

moon period, two injection regimens cannot control BG, and

can cause frequent hypoglycemia (particularly in the context of

food insecurity) and hyperglycemia

� Different variations of the timing of administration have been

used, but all these therapeutic schemes require a rigid schedule

for meals and injections.

� Prandial insulin is adjusted by glucose levels and carbohydrate

content.

• Fixed-dose insulin regimens

� Fixed insulin dosage either without adjustment or minimally

adjusted to daily varying meals. Insulin dosage defines the sub-

sequent mealtimes and their amount of carbohydrates. Due to

the limited flexibility, this poses significant challenges for match-

ing it with the day-to-day variability of food intake and activity

of children and adolescents.

Such regimens consisting of two injections daily of a mixture of

short- or rapid- and intermediate-acting insulins (before breakfast

and dinner/the main evening meal) may be chosen for a short

period of time to reduce the number of injections when adherence

to the regimen is a problem or during the honeymoon period.

F IGURE 1 Schematic representation of frequently used regimens
for insulin therapy in children with diabetes
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Basal insulin only/premixed insulin only/free mixed insulin combi-

nations are not recommended for the treatment of T1D unless

there is no other option.

6 | GUIDELINE ON INSULIN DOSAGE

The appropriate insulin dosage is one that will achieve the best glyce-

mic control for an individual without causing hypoglycemia, hypergly-

cemia and reducing the likelihood of development of long-term

complications. Insulin dosing may be dependent on many factors

such as:

• Age

• Weight

• Stage of puberty

• Duration and phase of diabetes

• State of injection sites

• Nutritional intake and distribution

• Exercise patterns

• Daily routine

• Results of BG monitoring and glycated hemoglobin

• Intercurrent illness

• Menstrual cycles

Within a few weeks after the initiation of insulin therapy, it is

common for a young person with newly diagnosed diabetes to enter a

partial remission phase, also known as the honeymoon period, with an

increase in endogenous insulin production. During the partial remis-

sion phase, the total daily insulin dose is usually <0.5 IU/kg/day.

Prepubertal children (outside the partial remission phase) usually

require 0.7 to 1.0 IU/kg/day and during puberty, insulin dose require-

ments may rise to between 1 and 2 IU/kg/day.82 The elevated

requirements of insulin during puberty are in part explained by the

higher growth hormone secretion that characterizes this period83

which induces insulin resistance; a phenomenon that is observed dur-

ing adolescence in persons living with and without diabetes, but is

exacerbated in those with diabetes.84–86

Higher BGL may be observed during the luteal phase of the men-

strual cycle mediated by progesterone.87,88

Distribution of Daily Insulin Dose: In children and young people

on basal-bolus insulin regimens, the basal insulin may represent

between 30% and 50% of total daily insulin and is administered as

follows:

• Glargine is often given once a day at approximately the same time

each day. However, many children may need to receive two daily

doses of glargine or to be combined with NPH to provide full day-

time basal insulin coverage.36,89 Glargine can be given before

breakfast, before dinner or at bedtime with equal effect, but noc-

turnal hypoglycemia occurs significantly less often with breakfast

injection.19 When switching to glargine as basal insulin, the total

dose of basal insulin needs to be reduced by approximately 20% to

avoid hypoglycemia.89 Thereafter, the dose should be individually

adjusted according to BG trends.

• Detemir is most commonly given twice daily in children.37,90 When

transitioning to detemir from NPH, the same doses can be used to

start with, but may require an increase in detemir dose according

to SMBG results.39 A twice daily regimen consisting of NPH injec-

tion in the morning and detemir injection at night time with RAI for

breakfast and dinner has been used to optimize glycemic control

during the honeymoon phase of T1D as a bridge to insulin pump

treatment.27 A broad range of dose adjustments have been

described in various small scale studies while switching from glar-

gine insulin to degludec (100%–150% of the glargine dose).91,92

Minor increase in basal insulin ratio with respect to total daily dose

of insulin has been experienced in prepubertal subjects.92

• Degludec is administered once daily and can be given at any time.

In pediatric persons, degludec is generally given at the same time

of the day, but in adults, it can be given at any time of the day as

long as 8 h has elapsed since the previous injection. This benefits

those with erratic schedules, like adolescents, those who have vari-

able work hours, or individuals traveling across time zones. It is also

convenient when transitioning back and forth from insulin infusion

pump therapy to injections, as experienced by athletes or adoles-

cents wishing to take a break from the insulin pump. However,

given the >24-h duration of action of degludec, care should be

taken to reduce the basal pump settings by �20% for the first

1–2 days when making a switch to the pump to avoid hypoglycemia.

• Glargine U300 is administered once daily at approximately the

same time of day. Given its concentrated form of glargine U100

and subsequent longer duration of action, it is particularly helpful

for those with high basal insulin needs, or those that desire morn-

ing basal insulin administration without the need for an additional

evening basal insulin injection.

• NPH insulin has been used in the morning to help cover daytime

basal insulin need and glycemic excursions after lunch and snacks

in children who are unable to receive insulin injections at school.26

Calculation of bolus insulin doses. For intensive insulin treat-

ment, a fundamental aspect is calculating bolus insulin dose based on

carbohydrate content and glucose levels.

• The “500-rule” is often used to obtain an initial ratio when starting

with carbohydrate counting (divide 500 by the total daily dose—

basal and bolus insulin—to find the amount of carbohydrates in

grams that 1 unit of bolus insulin [short/rapid/faster-acting insulin]

will cover).93 However, the 500 rule may need to be individually

adjusted to allow more insulin for breakfast and less insulin for a

meal preceding or immediately after exercise.94 This “rule” may be

different in toddlers and very young children and a 330 or 250 rule

(gives 50%–100% more insulin) instead of 500 might be used in

preschool-age children. To evaluate and further tailor the child's

insulin dosing it is necessary to repeatedly observe and calculate

the correct proportion between insulin and CHO from real life
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meals. See ISPAD 2022 Consensus Guidelines Chapter 23 on Man-

agement of Diabetes in Preschoolers for further details.

• The insulin: carbohydrate ratio (ICR) for an individual meal, for

example, breakfast, can be calculated by dividing the carbohydrate

content in grams by the insulin dose in units. This method often

gives the most accurate results for an individual meal and can pref-

erably be used for breakfast when there usually is an increased

insulin resistance. If the BG before and after the meal differ more

than 2 to 3 mmol/L (36–54 mg/dl), the correction factor (see

below) can be used to calculate out how much more (or less) insulin

should be given for a certain meal.

• Fat and protein intake affects the insulin requirements and should

be considered for deciding bolus doses. See ISPAD 2022 Consen-

sus Guidelines Chapter 10 on Nutritional Management in Children

and Adolescent with Diabetes for further details.

• Correction doses (also called insulin sensitivity factor [ISF], correc-

tion factor) can be used according to the “1800 rule,” that is, divide
1800 by total daily insulin dose to get the mg/dl that one unit of

rapid-acting insulin will lower the BG; for groups that are more

insulin resistant, the insulin sensitivity factor has also been calcu-

lated dividing 1500 by the total dose. For mmol/L, use the “100
rule,” that is, divide 100 by total daily insulin dose.95 The “1500
rule” maybe used when regular insulin is used for correction

dosing.

6.1 | Insulin dose adjustments

Insulin adjustments are essential to reach glycemic goals. The daily or

weekly BG patterns and trends measured by self-monitoring of blood

glucose (SMBG) or CGM patterns should be taken into account when

adjusting insulin doses. The family should be educated and empow-

ered to perform these adjustments.

6.1.1 | Soon after diagnosis

Insulin adjustments should be made frequently to achieve the

target BGLs soon after a new diagnosis of T1D. Many centers

make daily insulin dose adjustments during the first few week of

diagnosis.96 The appearance of the honeymoon period requires

drastic and prompt decreases in insulin daily dose to avoid

hypoglycemia.97,98

6.1.2 | Insulin dose adjustments for well-
established diabetes

Adjustments of insulin dosing are made before meals and adjusted

based on glucose levels, obtained either by frequent SMBG or

CGM.89 The long-acting basal insulin dose is titrated to regulate over-

night, fasting glucose level. Postprandial hyperglycemia is best con-

trolled by a well-timed injection of prandial insulin and sufficient

insulin coverage for the food intake. Correction dose should be added

to the prandial insulin dose if premeal BGL is above target range.

Post-prandial glucose testing performed at the time of the prandial

insulin peak (1.5–2 h after the injection) is essential to determine the

glucose lowering effect of prandial insulin dose.

6.2 | Advice for persistent trend deviations from
target BGL

• For elevated glucose level before breakfast—the advice is to

increase pre-dinner or pre-bed intermediate- or long-acting insulin

dose (glucose determination during the night are recommended to

ensure that this change does not result in nocturnal hypoglycemia).

• For elevated BGLs after a meal—the advice is to increase pre-meal

ultra-rapid/rapid/regular insulin dose.99

• For elevated BGLs before lunch/dinner meal—the advice is to

increase pre-breakfast basal insulin or increase dose of pre-

breakfast ultra-rapid/rapid/regular acting insulin if on a basal-

bolus regimen. However, snacking before the meal without an

insulin dose should be ruled out. When using rapid-acting insu-

lin in a basal-bolus regimen, the dose or type of basal insulin

may need to be adjusted if BGLs rise several hours after the

meal (during the post-prandial fasting state) as the analog insulin

has most of its effect within 2 to 3 h after injection.95 Missed

mealtime insulin boluses are a major cause of suboptimal glyce-

mia in children and adolescents with diabetes. Omitting >1

meal-related injection per week leads to an increase in HbA1c

of 0.3%–0.8%.100,101 There are new and promising adherence

metrics that may be easily interpreted and used for early inter-

vention to improve following the treatment plan during clinic

visits.102

• Administration of rapid-acting insulin analogs �15 min before

mealtime results in lower postprandial glucose excursions and

more time spent in the 3.5–10.0 mmol/L range, without increased

risk of hypoglycemia.75

• When using carbohydrate counting, persistent elevations of post-

meal glucose levels may require adjustment to the insulin to carbo-

hydrate ratio.103 If post-prandial hyperglycemia persists after cor-

rection insulin dosing, the insulin sensitivity factor should be

reviewed.

• Unexplained hypoglycemia requires re-evaluation of insulin ther-

apy and dose. Unexplained hyperglycemia may be caused by a

“rebound phenomenon,” which is described as hypoglycemia fol-

lowed by hyperglycemia that is potentiated by excessive eating to

treat the hypoglycemia along with the effects of hormonal

counter-regulation.

• Day-to-day insulin adjustments may be necessary for variations in

lifestyle routines, especially exercise or dietary changes.

• Special advice may be helpful when there are changes of rou-

tines, travel, school outings, educational holidays/diabetes

camps, or other activities which may require adjustment of

insulin doses.
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7 | ADMINISTRATION AND STORAGE OF
INSULIN

7.1 | Insulin injection and absorption

7.1.1 | Injection technique (IT)

Proper insulin injection technique is essential to use insulin safely and

optimize glucose control. Insulin should be injected into subcutaneous

tissue, not intramuscularly given that intramuscular injection can lead

to more rapid and unpredictable insulin absorption and variable

effects on glucose. The insulin injection sites are shown in Figure 2,

and most important aspects of IT are described in Table 2.

Several other aspects are important when considering the injec-

tion technique;

• Needle length. The traditional needle length of 8–13 mm (27 G)

were replaced by 4–6 mm needles given that longer needles might

increase the risk of intramuscular (IM) injections. The probability of

IM injection with the 6 versus 4 mm needle was reported to be

dramatically higher in children and adolescents.104

• Insulin injections with 4 mm needles has been shown to be the safest

strategy for preventing IM injections in children and adolescents.105

• Children <6 years old or very thin adults might inject perpendicu-

larly into raised skin. A two-finger pinch technique is recom-

mended for all types of injections to ensure a strict subcutaneous

injection, avoiding intramuscular injection.106 The pinch-up tech-

nique with 4 mm needle is recommended for children ≤6 years old.

It should be noted that a “pinch up” method with 5 mm needles

may paradoxically facilitate IM injections when children use this

technique in the thigh.107

• With 4–6 mm needles, the injections can be given perpendicu-

larly without lifting a skin fold but only if there is enough sub-

cutaneous fat, which often is the case in pubertal girls (at least

8 mm as the skin layers often are compressed when injecting

perpendicularly).108 Lean boys, however, have a thinner subcuta-

neous fat layer, especially on the thigh.108,109 When injecting

into the buttocks, the subcutaneous fat layer is usually thick

enough to inject without lifting a skin fold. There is a risk of

intradermal injections if 4–6 mm needles are not fully inserted

into the skin.

• Rotation of insulin injection sites, within the same injection region,

should be taught from diagnosis.

• Pen injection technique requires careful education reinforcing the

importance of a 2-unit air shot before every injection to ensure the

pen is working correctly.

• The NPH vial should be gently rolled (not shaken) at least 10 and

preferably 20 times,18 to mix the insulin suspension before care-

fully drawing it up into the clear insulin. The position in which NPH

is stored may also affect its activity.18

• Injecting cold insulin can sometimes make the injection more pain-

ful, therefore, it is recommended that insulin is injected when it is

at room temperature.

• A delay of 5–15 s after pushing in the plunger helps to ensure

complete expulsion of insulin through the needle.110

• Leakage of insulin is common and cannot be totally avoided.

Encouraging slower withdrawal of needle from skin, stretching of

the skin after the needle is withdrawn, or pressure with clean fin-

ger over the injection site could minimize leakage of insulin.

• Bubbles in insulin should be removed whenever possible. If the

bubble is not big enough to alter the dose of insulin it should not

cause problems. When using insulin pens, air in the cartridge can

F IGURE 2 Schematic representation of injection sites and relative timing of insulin absorption (Insulin [regular insulin, rapid acting insulin
analogs and NPH] is more readily absorbed from the abdomen and deltoid region compared to thigh and buttocks. The long acting insulin
preparations has been reported to be less susceptible to changes in absorption rate associated with the site of injection)

1286 CENGIZ ET AL.



cause drops of insulin appearing on the tip of the pen needle, if

withdrawn too quickly.

• Inspection of injection sites and screening for lipohypertrophy reg-

ularly is essential to detect insulin injection site scar tissue. Injec-

tion sites should be inspected and palpated by diabetes care

professionals at every clinic visit and more frequently if lipohyper-

trophy is detected. Self-inspection of insulin injection sites is

recommended in between clinic visits.

Self-injection

There is great individual variation in the appropriate age for children

being able to self-inject, depending on developmental maturity rather

than chronological age. Most children over the age of 10 years either

give their own injections or help with them.111 Younger children shar-

ing injection responsibility with a parent or other care provider may

help to prepare the device or help push the plunger and subsequently

under supervision be able to perform the whole task successfully.

Self-injection is sometimes triggered by an external event such as

overnight stay with a friend, school excursion or diabetes camp. Par-

ents or care providers should not expect that self-injection will auto-

matically continue and be prepared to resume responsibility for the

child's insulin injections. Younger children on multiple injection

regimens may need help to inject in sites difficult to reach

(e.g., buttocks) to avoid lipohypertrophy.

Self-mixing of insulin

When NPH is mixed with short- or fast-acting insulin, it is most impor-

tant that there is no contamination of one insulin with the other in

the vials. To prevent this, the regular (clear insulin) is drawn up into

the syringe before NPH (cloudy). Insulins from different manufac-

turers should be used together with caution as there may be interac-

tion between the buffering agents. Rapid-acting insulin analogs may

be mixed in the same syringe with NPH immediately before inject-

ing.112 It is recommended that neither glargine insulin nor detemir

insulin be mixed with any other insulin before injection,113 because

this mixture blunts the early glucose lowering action and prolongs the

time-action profile of the rapid-acting insulin as compared with sepa-

rate injection of the analogs.113,114

7.1.2 | Injection site adverse events

Lipohypertrophy is a common complication of insulin therapy. Injec-

tion site rotation is necessary to avoid lipohypertrophy, an accumula-

tion of subcutaneous fat in response to the adipogenic actions of

insulin at a site of multiple injections.

• Lipoatrophy is rare since the introduction of highly purified insu-

lins; however, recent reports suggest that the frequency of lipohy-

pertrophy continues to be high.115 Reduction of lipohypertrphy is

proven to improve glycemic control. Examination and palpation of

insulin injection sites for the presence of lipohypertrophy and

other site reactions should be performed during each clinic visit.116

• Painful injections are a common concern in children. We recom-

mend checking angle, length of the needle, and depth of injection

to ensure injections are not being given intramuscularly and that

the needle is sharp if there are concerns regarding painful injec-

tions. Reused needles can cause more pain.117,118 A proportion of

people with diabetes have a severe long-lasting dislike of injections

which may influence their glycemia. For these persons, an indwell-

ing catheters (Insuflon®, i-port®) or insulin pump therapy can

decrease injection pain118–120 and may improve treatment compli-

ance.120 These devices may help with frequent injections in the

very young child.118

• Local hypersensitivity reactions to insulin injections are uncommon

but when they do occur, formal identification of the insulin

(or more rarely preservative) responsible may be possible with help

from the manufacturers. A trial of an alternative insulin preparation

may solve the problem. If true allergy is suspected, desensitization

can be performed using protocols available from the

manufacturers.

• Bruising and bleeding are more common after intramuscular injec-

tion or tight squeezing of the skin. Use of thinner needles have

been shown to result in significantly less bleeding at the injec-

tion site.

TABLE 2 Most important aspects of the injection technique

1. Have individuals demonstrate their injection technique, either by

performing an actual injection or by injecting into a pad or foam

pillow. Use this as a teaching occasion, praising what they do

correctly and correcting any improper practices.

2. Injections should only be given into clean, healthy sites using clean

hands. Disinfecting the skin is generally not required.

3. Injections must be given subcutaneously, not intramuscularly. The

4 mm pen needle has the lowest risk of IM injection and allows

wider zones for rotation.

4. Needles that are 12.7 mm in length are not recommended for

anyone and persons using 8 mm needles should be switched to

shorter ones.

5. The 4 mm needle is preferred for all injectors regardless of age, sex,

ethnicity, or BMI. It should be inserted perpendicular to the skin

(90� to skin surface)—not at an angle—regardless of whether a

skinfold is raised.

6. Very young children (≤6 years of age) and very thin adults (BMI

<19 kg/m2) should always inject with a 4 mm needle into a lifted

skinfold. Other children, adolescents, and adults may inject without

a skinfold.

7. Inspect injection sites during each visit, at a minimum annually,

both visually and by palpation to aid in detection of

lipohypertrophy. Make persons aware of the presence of any

lipohypertrophy (LH), and instruct them not to inject into it. Use the

LH lesion to teach them what to feel and look for and engage them

in surveying their injection sites.

8. If lipohypertrophy is found, switch injections to healthy tissue and

decrease the dose of insulin. Reductions often exceed 20% of the

original dose. Closely monitor SMBG results.

9. Rotate injections systematically to avoid lipohypertrophy, injecting

at least 1 cm (approximate width of an adult finger) from previous

injections.

10. If possible, avoid reusing needles, which are sterile, one-use

devices. Excessive reuse (more than five times) has been associated

with lipohypertrophy.
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7.1.3 | Insulin absorption

Insulin activity profiles show substantial variability both day to day in

the same individual and between individuals. Many factors affect

speed and consistency of insulin absorption and it is important to be

aware of these and to minimize those factors which are modifiable.

Young people and their caregivers should be aware of the modifiable

factors that can affect insulin absorption.

Factors affecting absorption of insulin121–123:

• Insulin concentration, volume and dose (the subcutaneous

depot.). Smaller subcutaneous depot,123 lower insulin concentra-

tion124 and lower insulin doses are associated with faster

absorption.

• Mixture of insulins in the same syringe. Mixture of certain insulins

in the same syringe affects absorption.113,114

• Injection site. Regular insulin is absorbed fastest from the abdomen,

slower from the arm, followed by the thighs and buttocks (Figure 1).125

These regional differences are less apparent with rapid- and long-acting

insulin analogs.121,122,126,127 The absorption of glargine128 and deglu-

dec are not significantly influenced by the injection site.129

• Intramuscular (IM) injection. IM administration route is associated

more rapid insulin absorption, which is more evident during exer-

cise.130,131 Accidental IM injection may explain variability in phar-

macokinetics between injections in lean individuals and site

selection and technique can avoid this.

• Temperature. Insulin absorption is increased by local or ambient

heating, in both pump and MDI therapy.132,133

• Exercise. Insulin absorption can be increased with exercise, with

the location and depth of the injection being contributing fac-

tors.134 Leg injection with leg exercise leading to faster absorp-

tion.135 Glargine is not affected by exercise.136,137

• Lipohypertrophy. Lipohypertrophy significantly delays insulin

absorption.138

• Obesity. Increased subcutaneous fat delays insulin absorption due

to a reduction in subcutaneous blood flow.139

Two devices which apply heat to the injection site have been

developed which have been shown to decrease insulin requirements

and enhance insulin absorption leading to an earlier peak of insulin

action together with less hypoglycaemia. Insupad is a device that

warms an area 2 cm x 4 cm just prior to injection of bolus insulin and

Insupatch was developed for insulin pump therapy with an integrated

heating element that is activated when a bolus is delivered.132

7.2 | Devices for insulin delivery

7.2.1 | Insulin syringes

Syringes are available in a variety of sizes in different countries, ensur-

ing accurate dose delivery, but the following recommendations are

desirable.

• Plastic fixed-needle syringes with small dead space are preferable

to glass syringes.

• Plastic fixed-needle syringes are designed for single use. Reuse

should be discouraged if there is concern about hygiene or injec-

tion pain as the needle becomes blunt when reused.140

• Small syringes with half- or one unit per mark (e.g., 0.3 ml,

100 U/ml) are preferable for use in small children, making it possi-

ble to dose in half units.

• Insulin syringes must have a measuring scale consistent with the

insulin concentration (e.g., U 100 syringes).

• The insulin syringe must match the insulin concentration

being used. 40 U/ml syringes (red cap) and 100 U/ml syringes

(orange cap) have different markings and cannot be

interchanged.

• Syringes must never be shared with another person because of the

risk of acquiring blood-borne infection (e.g., hepatitis, HIV).

• It is advisable that all children and adolescents with diabetes

should know how to administer insulin by syringe because other

injection devices may malfunction.

• Appropriate disposal procedures are mandatory. Specifically

designed and labeled “sharps containers” may be available from

pharmacies and diabetes centers. Special needle clippers

(e.g., Safeclip®) may be available to remove the needle and make it

unusable. Without a “sharps container,” syringes with needles

removed may be stored and disposed of in opaque plastic con-

tainers or tins for garbage collection.

7.2.2 | Pen injector devices

Pen injector devices containing insulin in prefilled cartridges

have been designed to make injections easier, more accurate and

flexible. They eliminate the need for drawing up from an insulin

vial; the dose is dialed up on a scale and they may be particularly

useful for insulin administration away from home, at school or on

holidays. When using a pen, it is advisable to count to 10 slowly

or 20 quickly (wait about 15 s) before withdrawing the needle

from the subcutaneous tissue, in order to give time for any air

bubble in the cartridge to expand.110,140 Pens need to be primed

before use, so that a drop of insulin shows at the tip of the

needle.

Special pen injection needles of small size (4–6 mm) and diame-

ter are available and may cause less discomfort on injection.141 Pen

injectors of various sizes and types are available from the pharma-

ceutical companies. Some pens can be set to half unit increments

that are useful for dosing in young children when small dosing incre-

ments are needed. A few pens have a memory for taken doses,

which can be practical, especially for teenagers. Pen injector devices

are useful in children on multiple injection regimens but are less

acceptable when insulin mixtures are used. Availability is a problem

in some countries since they are a more expensive method of admin-

istering insulin.

Insulin pens, vials, cartridges should not be shared.
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7.2.3 | Subcutaneous indwelling catheters

Such catheters (e.g., Insuflon®, i-port®) inserted using topical local anes-

thetic cream, may be useful to overcome problems with injection pain

at the onset of diabetes,118 especially in the very young child. The use

of indwelling catheters does not negatively affect metabolic control.120

In children with injection problems, HbA1c has been lowered by using

Insuflon.119 However, the use of a basal analog and a short- or rapid-

acting insulin at the same injection time in an indwelling catheter is not

advisable in case of possible interaction of the two insulins.113,114,119

Indwelling catheters should be replaced every 2–4 days to prevent

scarring and a negative effect on insulin absorption.142,143

7.2.4 | Automatic injection devices

Automatic injection devices are useful for children who have a fear of

needles. Usually, a loaded syringe is placed within the device, locked

into place and inserted automatically into the skin by a spring-loaded

system. The benefits of these devices are that the needle is hidden

from view and the needle is rapidly inserted through the skin. Auto-

matic injection devices for specific insulin injectors are available.144

7.2.5 | Jet injectors

High-pressure jet injection of insulin into the s.c. tissue has been

designed to avoid the use of needle injection. Jet injectors may have a

role in cases of needle phobia. The use of jet injectors has resulted in

metabolic control comparable both to conventional injections and

continuous subcutaneous insulin infusion (CSII),145 but problems with

jet injectors have included a variable depth of penetration, delayed

pain and bruising.146 In a recent study, using a jet injector for insulin

administration was associated with slightly altered variability in phar-

macokinetic endpoints, but with about similar variability in pharmaco-

dynamic endpoints compared to conventional administration.147

7.2.6 | Continuous subcutaneous insulin infusion

The use of external pumps is increasing and is proving to be accept-

able and successful,145–154 even in young infants.148,149 For extensive

review of CSII please see ISPAD 2022 consensus guidelines Chap-

ter 22 on “Diabetes Technology: insulin delivery.”

7.3 | Storage of insulin

7.3.1 | Insulin storage recommendations for insulin
not in use

Insulin undergoes chemical and physical degradation over time, leading to

reduced potency. This degradation is accelerated by exposure to high

temperatures, direct sunlight, shear stress through agitation and increased

air-liquid surface, which occurs as the volume of a vial decreases.155

Refrigeration problems may be more frequent than apparently

thought, household refrigerators often do not meet manufacturers'

recommendations, with temperatures often dropping below freezing

point.156 Mail-order insulin, increasingly popular in some countries,

might also increase exposure to extended temperature variations. A

thermochromic vial monitor technology has been studied to detect if

insulin has undergone excessive heat exposure.157

Insulin should therefore always be inspected before use and discarded

if it has been frozen or if there is any evidence of clumping, frosting, dis-

coloration or precipitation. Individual manufacturer's recommendations for

storage and expiration date should be adhered to where possible, and

reduced insulin potency considered as a possible cause when insulin

requirements increase unexpectedly. For more information on how insulin

is stored in the absence of electricity, see ISPAD 2022 Consensus Guide-

lines Chapter 25 on Managing Diabetes in Limited Resource Settings.

• When not in use, insulin can be stored in a refrigerator at 2–8�C,

until the expiration date (not in or too near the freezer section or

cooling element).

• Insulin should be discarded if it has been frozen, as freezing can

compromise the integrity of both the formulation and the vial

itself.

7.3.2 | Insulin storage recommendations for insulin
in use

When in use, insulin is regularly exposed to the previously mentioned

environmental risk factors and in the case of insulin pumps, which is

worn close to the body, not only is the temperature in the reservoir

increased, but constant movement can accelerate fibril formation.158

• When in use, insulin can be stored at room temperature (below

25 or 30�C) for up to 4 weeks.145,155,159

• The time period recommended for use after opening a vial varies

between 10 days and 8 weeks for different insulin formulations.

We recommend following manufacturer's guidelines and drug

inserts. Utilizing smaller volume penfills rather than vials will avoid

wastage in children on smaller doses of insulin.

• Insulin used in insulin pumps, should be changed more often. Man-

ufacturers recommend insulin aspart and insulin lispro be kept in

the pump reservoir at room temperature for no longer than 6 and

7 days, respectively. Ideally, the insulin in the reservoir should be

changed with infusion set/ line changes every 48–72 h. Product

information on insulin glulisine states that it can be kept in the

pump reservoir for 2 days at 37�C.

Young people and their caregivers should be aware of the impor-

tance of optimal storage to maintain potency of their insulin, in partic-

ular the avoidance of exposure to high temperatures (e.g., pumps left

in the sun when disconnected, insulin stored in a car glove compartment).
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A number of new insulin delivery devices (pumps, smart pens or pen

caps) have an integrated temperature sensor and there are several

products available to protect vials and pens from heat. Products dedi-

cated to monitoring insulin temperature using a sensor and mobile

app can be kept with any type of insulin and provides a warning when

temperature limits are exceeded.

7.3.3 | Storage of insulin when traveling

The following recommendations for transporting insulin during travel-

ing are advised.

• There are several products (bags or cases) on the market for pro-

tecting insulin pens and vials from heat, although their perfor-

mance has not been studied. When using ice packs insulin pens or

vials should never be kept directly on ice to avoid freezing. (Hotel

refrigerators could be less reliable).

• Insulin should not be in the checked baggage but should always be

in the hand luggage carried in the cabin.

• Traveling with extra, back-up insulin is recommended.

8 | INPATIENT INSULIN TREATMENT

Insulin use during inpatient treatment of young people with T1D is

required during DKA, peri-operative management and severe infec-

tions. Intravenous insulin infusion is preferred in critically ill children.

Regular and rapid-acting and ultra-rapid insulins are equally suited for

IV therapy.160 Regular insulin has traditionally been used for IV infu-

sion for inpatient management of diabetes. Non-critically ill children

admitted for hospital care could be treated with the currently used

subcutaneous insulin regimen with some alterations to the dose.161

Therapy with insulin in an inpatient setting might be necessary in

certain other scenarios such as hyperglycemia induced by stress peri-

operatively, parenteral steroids, use of immunosuppressants during

chemotherapy (L-asparaginase, tacrolimus, cyclosporine, sirolimus),

neurologic drugs used during status epilepticus (valproate, phenytoin),

and children with severe burns.162,163

8.1 | Intravenous insulin treatment

Treatment with intravenous insulin is the e standard of care in treat-

ment of pediatric DKA164 and is extensively reviewed in the ISPAD

2022 Consensus Guideline Chapter 13 on Diabetic Ketoacidosis and

Hyperglycemic Hyperosmolar State.

8.2 | Subcutaneous insulin

While low-dose insulin infusion is the standard of care for DKA, sub-

cutaneous insulin therapy with aspart or lispro or regular insulin have

been used in the management of DKA in adults and children in certain

hospitals around the globe.165–169 The treatment with subcutaneous

insulin was important for the treatment during COVID-19 pandemics

and was recently reviewed as an ISPAD Guideline Consensus. This

suggests use of subcutaneous administration of short-acting (regular)

insulin every 4 h as an another alternative treatment method in mild

DKA when IV infusion or rapid-acting insulin analogs are not avail-

able.165 A suggested starting dose is 0.13–0.17 units/kg/dose of regu-

lar insulin every 4 h (0.8–1 unit/kg/day in divided doses). Doses are

increased or decreased by 10–20% based on the BGL before the next

insulin injection.165 Dosing frequency may be increased to every 2 or

3 h if acidosis is not improving.

9 | INSULIN AVAILABILITY AND
AFFORDABILITY

Children and adolescents with T1D depend on insulin for survival and

should have access to adequate amounts of at least regular and NPH

insulin. ISPAD and the international diabetes federation (IDF), through

the Life for a Child program, are working toward making insulin avail-

able for all children and adolescents with diabetes and promoting uni-

versal insulin labeling.

Although 2021 marked the Centenary of the discovery of insulin,

access to this life-saving medicine remains problematic in many set-

tings.170 The concept of access to insulin needs to be considered with

two factors in mind. First, availability: is insulin at the facility or phar-

macy when the individual goes to get it.171 Second, affordability: can

the individual pay for their insulin.

Multiple global, national and health system factors impact the

prescription of insulin and need to be considered to ensure that bar-

riers do not impact the care provided to individuals by health profes-

sionals. Thus, an understanding and discussion of barriers to insulin

access should be part of the interaction between healthcare providers

and the people they treat. Health professionals should have intimate

knowledge of the price of insulin; if insulin is available or not; and

what insulin formulations are available in their country in both public

and private sectors. This knowledge should help guide persons with

diabetes to find the most affordable option to ensure that people with

diabetes engage with their insulin regimen as desired.

In parallel, health professionals can also play an active role in

ensuring access to insulin by advocating for insulin to be included in

the Universal Health Care packages in their countries.

10 | RESEARCH AND NEW
DEVELOPMENTS

A century after its discovery, insulin treatment continues to evolve.

While insulins with faster onset and shorter duration of action con-

tinue to be a hot topic, there has been significant progress in develop-

ing ultra-long-acting insulins. Clinical trials investigating the use of

weekly insulin formulations have been promising in adult subjects but
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not yet tested in children. Another exciting development is smart insu-

lins. Smart insulins are glucose responsive insulin formulations that are

chemically activated only if the glucose is above the target range; the

insulin action ceases once BG is normalized. There are different inves-

tigational methods that are used to deliver smart insulins, and smart

insulin formulations might be a game changer in diabetes treatment in

the future if proven to be safe and efficient.

Combination of insulin with adjunctive medications is another

novel intervention to enhance insulin treatment. Long-acting insulin

(insulin glargine or degludec) and glucagon-like peptide-1 (GLP-1)

receptor agonist premixed injectable products are approved as an

adjunct to diet and exercise to improve glycemic control in adults with

type 2 diabetes mellitus inadequately controlled on basal insulin.

Adjunct treatment with premixed insulin has a potential utility to

address additional treatment challenges during T1D treatment such as

the increasing rates of overweight and obesity in persons with T1D.

Insulins of today continue to save lives of children with diabetes,

and insulins of tomorrow will be key to improve the way we treat dia-

betes and ease the burden of diabetes for people with diabetes.

ACKNOWLEDGMENTS

We would like to thank Dr. Laya Ekhlaspour for her assistance with

formatting and references. We would also like to thank the UCSF

Pediatric Diabetes Clinic Certified Diabetes Educators and nurses

(Monica Mueller, RN, CDE; Mary A. McDonell, MSN, RN, RD, CDE;

Betty Katherine-Casto Hynes, MS, RD, CDCES; Nicole Rotter, CPNP)

who gave insight and knowledge that considerably aided the revision

of the insulin injection section.

CONFLICT OF INTEREST

E. Cengiz is a scientific advisor for Eli Lilly, Novo Nordisk, Adocia and

Arecor. TD has received speaker's honoraria and research support

from or has consulted for Astra Zeneca, Bayer, Boehringer, Dexcom,

Eli Lilly, Lifescan, Medtronic, Novo Nordisk, Provention Bio, Roche,

Sanofi, Ypsomed and is a shareholder of Drea Med Ltd. TA, JF, DB,

SH, MP, E. Codner have no disclosures.

REFERENCES

1. Effect of intensive diabetes treatment on the development and pro-

gression of long-term complications in adolescents with insulin-

dependent diabetes mellitus: Diabetes Control and Complications

Trial. Diabetes Control and Complications Trial Research Group.

Clinical trial multicenter study randomized controlled trial research

support, non-U.S. Gov't research support, U.S. Gov't, P.H.S. J Pediatr.

1994;125(2):177-188.

2. Schuit FC, Huypens P, Heimberg H, Pipeleers DG. Glucose sensing

in pancreatic beta-cells: a model for the study of other glucose-

regulated cells in gut, pancreas, and hypothalamus. Diabetes. 2001;

50(1):1-11. doi:10.2337/diabetes.50.1.1

3. de Beaufort CE, Houtzagers CM, Bruining GJ, et al. Continuous

subcutaneous insulin infusion (CSII) versus conventional injection

therapy in newly diagnosed diabetic children: two-year follow-up

of a randomized, prospective trial. Diabet Med. 1989;6(9):

766-771.

4. Cengiz E, Xing D, Wong JC, et al. Severe hypoglycemia and diabetic

ketoacidosis among youth with type 1 diabetes in the T1D exchange

clinic registry. Pediatr Diabetes. 2013;14(6):447-454. doi:10.1111/

pedi.12030

5. Arbelaez AM, Semenkovich K, Hershey T. Glycemic extremes in

youth with T1DM: the structural and functional integrity of the

developing brain. Pediatr Diabetes. 2013;14(8):541-553. doi:10.

1111/pedi.12088

6. Home PD. The pharmacokinetics and pharmacodynamics of rapid-

acting insulin analogues and their clinical consequences. Diabetes

Obes Metab. 2012;14(9):780-788. doi:10.1111/j.1463-1326.2012.

01580.x

7. Plank J, Wutte A, Brunner G, et al. A direct comparison of insulin

aspart and insulin lispro in patients with type 1 diabetes. Diabetes

Care. 2002;25(11):2053-2057.

8. Cemeroglu AP, Kleis L, Wood A, Parkes C, Wood MA, Davis AT.

Comparison of the effect of insulin glulisine to insulin aspart on

breakfast postprandial blood glucose levels in children with type

1 diabetes mellitus on multiple daily injections. Endocr Pract. 2013;

19(4):614-619. doi:10.4158/EP12399.OR

9. Philotheou A, Arslanian S, Blatniczky L, Peterkova V, Souhami E,

Danne T. Comparable efficacy and safety of insulin glulisine and

insulin lispro when given as part of a basal-bolus insulin regimen in a

26-week trial in pediatric patients with type 1 diabetes. Diabetes

Technol Ther. 2011;13(3):327-334. doi:10.1089/dia.2010.0072

10. Cengiz E, Bode B, Van Name M, Tamborlane WV. Moving toward

the ideal insulin for insulin pumps. Expert Rev Med Devices. 2016;

13(1):57-69. doi:10.1586/17434440.2016.1109442

11. Danne T, Aman J, Schober E, et al. A comparison of postprandial and

preprandial administration of insulin aspart in children and adoles-

cents with type 1 diabetes. Diabetes Care. 2003;26(8):2359-2364.

12. Deeb LC, Holcombe JH, Brunelle R, et al. Insulin lispro lowers post-

prandial glucose in prepubertal children with diabetes. Pediatrics.

2001;108(5):1175-1179.

13. Renner R, Pfutzner A, Trautmann M, Harzer O, Sauter K, Landgraf R.

Use of insulin lispro in continuous subcutaneous insulin infusion

treatment. Results of a multicenter trial. German Humalog-CSII

study group. Diabetes Care. 1999;22(5):784-788. doi:10.2337/

diacare.22.5.784

14. Rutledge KS, Chase HP, Klingensmith GJ, Walravens PA, Slover RH,

Garg SK. Effectiveness of postprandial Humalog in toddlers with dia-

betes. Pediatrics. 1997;100(6):968-972.

15. Tubiana-Rufi N, Coutant R, Bloch J, et al. Special management of

insulin lispro in continuous subcutaneous insulin infusion in young

diabetic children: a randomized cross-over study. Horm Res. 2004;

62(6):265-271. doi:10.1159/000081703

16. Fath M, Danne T, Biester T, Erichsen L, Kordonouri O, Haahr H. Fas-

ter-acting insulin aspart provides faster onset and greater early

exposure vs insulin aspart in children and adolescents with type

1 diabetes mellitus. Pediatr Diabetes. 2017;18(8):903-910. doi:10.

1111/pedi.12506

17. Search of: biochaperone j diabetes - List Results. 2022 Accessed

March 26, 2022. ClinicalTrials.gov

18. Lucidi P, Porcellati F, Marinelli Andreoli A, et al. Pharmacokinetics

and pharmacodynamics of NPH insulin in type 1 diabetes: the

importance of appropriate resuspension before subcutaneous injec-

tion. Diabetes Care. 2015;38(12):2204-2210. doi:10.2337/dc15-

0801

19. Lepore M, Pampanelli S, Fanelli C, et al. Pharmacokinetics and phar-

macodynamics of subcutaneous injection of long-acting human insu-

lin analog glargine, NPH insulin, and ultralente human insulin and

continuous subcutaneous infusion of insulin lispro. Diabetes. 2000;

49(12):2142-2148.

20. Starke AA, Heinemann L, Hohmann A, Berger M. The action profiles

of human NPH insulin preparations. Diabet Med. 1989;6(3):239-244.

21. Woodworth JR, Howey DC, Bowsher RR. Establishment of time-

action profiles for regular and NPH insulin using pharmacodynamic

CENGIZ ET AL. 1291

info:doi/10.2337/diabetes.50.1.1
info:doi/10.1111/pedi.12030
info:doi/10.1111/pedi.12030
info:doi/10.1111/pedi.12088
info:doi/10.1111/pedi.12088
info:doi/10.1111/j.1463-1326.2012.01580.x
info:doi/10.1111/j.1463-1326.2012.01580.x
info:doi/10.4158/EP12399.OR
info:doi/10.1089/dia.2010.0072
info:doi/10.1586/17434440.2016.1109442
info:doi/10.2337/diacare.22.5.784
info:doi/10.2337/diacare.22.5.784
info:doi/10.1159/000081703
info:doi/10.1111/pedi.12506
info:doi/10.1111/pedi.12506
http://clinicaltrials.gov
info:doi/10.2337/dc15-0801
info:doi/10.2337/dc15-0801


modeling. Diabetes Care. 1994;17(1):64-69. doi:10.2337/diacare.17.

1.64

22. Bolli GB, Perriello G, Fanelli CG, De Feo P. Nocturnal blood glucose

control in type I diabetes mellitus. Diabetes Care. 1993;16(Suppl 3):

71-89.

23. Jehle PM, Micheler C, Jehle DR, Breitig D, Boehm BO. Inadequate

suspension of neutral protamine Hagendorn (NPH) insulin in pens.

Lancet. 1999;354(9190):1604-1607. doi:10.1016/S0140-6736(98)

12459-5

24. Thalange N, Bereket A, Larsen J, Hiort LC, Peterkova V. Insulin ana-

logues in children with type 1 diabetes: a 52-week randomized clini-

cal trial. Diabet Med. 2013;30(2):216-225. doi:10.1111/dme.12041

25. Heise T, Nosek L, Ronn BB, et al. Lower within-subject variability of

insulin detemir in comparison to NPH insulin and insulin glargine in

people with type 1 diabetes. Diabetes. 2004;53(6):1614-1620.

26. Chase HP, Dixon B, Pearson J, et al. Reduced hypoglycemic episodes

and improved glycemic control in children with type 1 diabetes using

insulin glargine and neutral protamine Hagedorn insulin. J Pediatr.

2003;143(6):737-740.

27. Cengiz E, Sherr JL, Erkin-Cakmak A, et al. A bridge to insulin pump

therapy: twice-daily regimen with NPH and detemir insulins during

initial treatment of youth with type 1 diabetes mellitus. Endocr Pract.

2011;17(6):862-866. doi:10.4158/EP11031.OR

28. Korytkowski MT, Salata RJ, Koerbel GL, et al. Insulin therapy and

glycemic control in hospitalized patients with diabetes during enteral

nutrition therapy: a randomized controlled clinical trial. Diabetes

Care. 2009;32(4):594-596. doi:10.2337/dc08-1436

29. Mabrey ME, Barton AB, Corsino L, et al. Managing hyperglycemia

and diabetes in patients receiving enteral feedings: a health system

approach. Hosp Pract. 1995;43(2):74-78. doi:10.1080/21548331.

2015.1022493

30. Clement S, Braithwaite SS, Magee MF, et al. Management of diabe-

tes and hyperglycemia in hospitals. Diabetes Care. 2004;27(2):553-

591. doi:10.2337/diacare.27.2.553

31. Ratner RE, Hirsch IB, Neifing JL, Garg SK, Mecca TE, Wilson CA.

Less hypoglycemia with insulin glargine in intensive insulin therapy

for type 1 diabetes. U.S. study Group of Insulin Glargine in type

1 diabetes. Diabetes Care. 2000;23(5):639-643. doi:10.2337/diacare.

23.5.639

32. Witthaus E, Stewart J, Bradley C. Treatment satisfaction and psy-

chological well-being with insulin glargine compared with NPH in

patients with type 1 diabetes. Diabet Med. 2001;18(8):619-625. doi:

10.1046/j.1464-5491.2001.00529.x

33. Ashwell SG, Bradley C, Stephens JW, Witthaus E, Home PD. Treat-

ment satisfaction and quality of life with insulin glargine plus insulin

lispro compared with NPH insulin plus unmodified human insulin in

individuals with type 1 diabetes. Diabetes Care. 2008;31(6):1112-

1117. doi:10.2337/dc07-1183

34. Danne T, Philotheou A, Goldman D, et al. A randomized trial com-

paring the rate of hypoglycemia--assessed using continuous glucose

monitoring--in 125 preschool children with type 1 diabetes treated

with insulin glargine or NPH insulin (the PRESCHOOL study). Pediatr

Diabetes. 2013;14(8):593-601. doi:10.1111/pedi.12051

35. Albright ES, Desmond R, Bell DS. Efficacy of conversion from bed-

time NPH insulin injection to once- or twice-daily injections of

insulin glargine in type 1 diabetic patients using basal/bolus ther-

apy. Diabetes Care. 2004;27(2):632-633. doi:10.2337/diacare.27.

2.632

36. Garg SK, Gottlieb PA, Hisatomi ME, et al. Improved glycemic control

without an increase in severe hypoglycemic episodes in intensively

treated patients with type 1 diabetes receiving morning, evening, or

split dose insulin glargine. Diabetes Res Clin Pract. 2004;66(1):49-56.

doi:10.1016/j.diabres.2004.02.008

37. Robertson KJ, Schoenle E, Gucev Z, Mordhorst L, Gall MA,

Ludvigsson J. Insulin detemir compared with NPH insulin in children

and adolescents with type 1 diabetes. Diabet Med. 2007;24(1):27-

34. doi:10.1111/j.1464-5491.2007.02024.x

38. Nimri R, Lebenthal Y, Shalitin S, Benzaquen H, Demol S, Phillip M.

Metabolic control by insulin detemir in basal-bolus therapy: treat-to-

target study in children and adolescents with type 1 diabetes. Pediatr

Diabetes. 2013;14(3):196-202. doi:10.1111/pedi.12012

39. Abali S, Turan S, Atay Z, Guran T, Haliloglu B, Bereket A. Higher

insulin detemir doses are required for the similar glycemic control:

comparison of insulin detemir and glargine in children with type

1 diabetes mellitus. Pediatr Diabetes. 2015;16(5):361-366. doi:10.

1111/pedi.12167

40. Danne T, Datz N, Endahl L, et al. Insulin detemir is characterized by

a more reproducible pharmacokinetic profile than insulin glargine in

children and adolescents with type 1 diabetes: results from a ran-

domized, double-blind, controlled trial. Pediatr Diabetes. 2008;9(6):

554-560. doi:10.1111/j.1399-5448.2008.00443.x

41. Carlsson A, Forsander G, Ludvigsson J, Larsen S, Ortqvist E,

Swedish P-YSG. A multicenter observational safety study in Swedish

children and adolescents using insulin detemir for the treatment of

type 1 diabetes. Pediatr Diabetes. 2013;14(5):358-365. doi:10.1111/

pedi.12019

42. Russell-Jones D, Danne T, Hermansen K, et al. Weight-sparing effect

of insulin detemir: a consequence of central nervous system-

mediated reduced energy intake? Diabetes Obes Metab. 2015;

17(10):919-927. doi:10.1111/dom.12493

43. Hallschmid M, Jauch-Chara K, Korn O, et al. Euglycemic infusion of

insulin detemir compared with human insulin appears to increase

direct current brain potential response and reduces food intake

while inducing similar systemic effects. Diabetes. 2010;59(4):1101-

1107. doi:10.2337/db09-1493

44. Hordern SV, Wright JE, Umpleby AM, Shojaee-Moradie F, Amiss J,

Russell-Jones DL. Comparison of the effects on glucose and lipid

metabolism of equipotent doses of insulin detemir and NPH insulin

with a 16-h euglycaemic clamp. Diabetologia. 2005;48(3):420-426.

doi:10.1007/s00125-005-1670-1

45. Smeeton F, Shojaee Moradie F, Jones RH, et al. Differential effects

of insulin detemir and neutral protamine hagedorn (NPH) insulin on

hepatic glucose production and peripheral glucose uptake during

hypoglycaemia in type 1 diabetes. Diabetologia. 2009;52(11):2317-

2323. doi:10.1007/s00125-009-1487-4

46. Tschritter O, Hennige AM, Preissl H, et al. Cerebrocortical beta

activity in overweight humans responds to insulin detemir. PLoS

One. 2007;2(11):e1196. doi:10.1371/journal.pone.0001196

47. van Golen LW, IJzerman RG, Huisman MC, et al. Cerebral blood flow

and glucose metabolism in appetite-related brain regions in type

1 diabetic patients after treatment with insulin detemir and NPH

insulin: a randomized controlled crossover trial. Diabetes Care. 2013;

36(12):4050-4056. doi:10.2337/dc13-0093

48. Becker RH, Dahmen R, Bergmann K, Lehmann A, Jax T, Heise T.

New insulin glargine 300 units ml�1 provides a more even activity

profile and prolonged glycemic control at steady state compared

with insulin glargine 100 units ml�1. Diabetes Care. 2015;38(4):637-

643. doi:10.2337/dc14-0006

49. Danne T, Tamborlane WV, Malievsky OA, et al. Efficacy and safety of

insulin glargine 300 units/ml (Gla-300) versus insulin glargine 100 units/-

ml (Gla-100) in children and adolescents (6-17 years) with type 1 diabe-

tes: results of the EDITION JUNIOR randomized controlled trial.

Diabetes Care. 2020;43(7):1512-1519. doi:10.2337/dc19-1926

50. Bergenstal RM, Bailey TS, Rodbard D, et al. Comparison of insulin

glargine 300 units/ml and 100 units/ml in adults with type 1 diabe-

tes: continuous glucose monitoring profiles and variability using

morning or evening injections. Diabetes Care. 2017;40(4):554-560.

doi:10.2337/dc16-0684

51. Matsuhisa M, Koyama M, Cheng X, et al. Sustained glycaemic con-

trol and less nocturnal hypoglycaemia with insulin glargine 300U/ml

1292 CENGIZ ET AL.

info:doi/10.2337/diacare.17.1.64
info:doi/10.2337/diacare.17.1.64
info:doi/10.1016/S0140-6736(98)12459-5
info:doi/10.1016/S0140-6736(98)12459-5
info:doi/10.1111/dme.12041
info:doi/10.4158/EP11031.OR
info:doi/10.2337/dc08-1436
info:doi/10.1080/21548331.2015.1022493
info:doi/10.1080/21548331.2015.1022493
info:doi/10.2337/diacare.27.2.553
info:doi/10.2337/diacare.23.5.639
info:doi/10.2337/diacare.23.5.639
info:doi/10.1046/j.1464-5491.2001.00529.x
info:doi/10.2337/dc07-1183
info:doi/10.1111/pedi.12051
info:doi/10.2337/diacare.27.2.632
info:doi/10.2337/diacare.27.2.632
info:doi/10.1016/j.diabres.2004.02.008
info:doi/10.1111/j.1464-5491.2007.02024.x
info:doi/10.1111/pedi.12012
info:doi/10.1111/pedi.12167
info:doi/10.1111/pedi.12167
info:doi/10.1111/j.1399-5448.2008.00443.x
info:doi/10.1111/pedi.12019
info:doi/10.1111/pedi.12019
info:doi/10.1111/dom.12493
info:doi/10.2337/db09-1493
info:doi/10.1007/s00125-005-1670-1
info:doi/10.1007/s00125-009-1487-4
info:doi/10.1371/journal.pone.0001196
info:doi/10.2337/dc13-0093
info:doi/10.2337/dc14-0006
info:doi/10.2337/dc19-1926
info:doi/10.2337/dc16-0684


compared with glargine 100U/ml in Japanese adults with type 1 dia-

betes (EDITION JP 1 randomised 12-month trial including 6-month

extension). Diabetes Res Clin Pract. 2016;122:133-140. doi:10.1016/

j.diabres.2016.10.002

52. https://www.ema.europa.eu/en/medicines/human/EPAR/toujeo-

previously-optisulin. Accessed March 26, 2022 2022,

53. Jonassen I, Havelund S, Hoeg-Jensen T, Steensgaard DB,

Wahlund PO, Ribel U. Design of the novel protraction mechanism of

insulin degludec, an ultra-long-acting basal insulin. Pharm Res. 2012;

29(8):2104-2114. doi:10.1007/s11095-012-0739-z

54. Mathieu C, Hollander P, Miranda-Palma B, et al. Efficacy and safety

of insulin degludec in a flexible dosing regimen vs insulin glargine in

patients with type 1 diabetes (BEGIN: flex T1): a 26-week random-

ized, treat-to-target trial with a 26-week extension. J Clin Endocrinol

Metab. 2013;98(3):1154-1162. doi:10.1210/jc.2012-3249

55. Biester T, Blaesig S, Remus K, et al. Insulin degludec's ultra-long

pharmacokinetic properties observed in adults are retained in chil-

dren and adolescents with type 1 diabetes. Pediatr Diabetes. 2014;

15(1):27-33. doi:10.1111/pedi.12116

56. Thalange N, Deeb L, Iotova V, et al. Insulin degludec in combination

with bolus insulin aspart is safe and effective in children and adoles-

cents with type 1 diabetes. Pediatr Diabetes. 2015;16(3):164-176.

doi:10.1111/pedi.12263

57. Blum WF, Cao D, Hesse V, et al. Height gains in response to

growth hormone treatment to final height are similar in patients

with SHOX deficiency and turner syndrome. Horm Res. 2009;71(3):

167-172.

58. Kjeldsen TB, Hubalek F, Hjorringgaard CU, et al. Molecular engineer-

ing of insulin Icodec, the first Acylated insulin analog for once-

weekly Administration in Humans. J Med Chem. 2021;64(13):8942-

8950. doi:10.1021/acs.jmedchem.1c00257

59. Nishimura E, Pridal L, Glendorf T, et al. Molecular and pharmacologi-

cal characterization of insulin icodec: a new basal insulin analog

designed for once-weekly dosing. BMJ Open Diabetes Res Care.

2021;9:2301. doi:10.1136/bmjdrc-2021-002301

60. Mortensen HB, Robertson KJ, Aanstoot HJ, et al. Insulin manage-

ment and metabolic control of type 1 diabetes mellitus in childhood

and adolescence in 18 countries. Hvidore study group on childhood

diabetes. Diabet Med. 1998;15(9):752-759.

61. Battelino T, Deeb LC, Ekelund M, et al. Efficacy and safety of a fixed

combination of insulin degludec/insulin aspart in children and ado-

lescents with type 1 diabetes: a randomized trial. Pediatr Diabetes.

2018;19(7):1263-1270. doi:10.1111/pedi.12724

62. https://www.ema.europa.eu/en/medicines/human/EPAR/ryzodeg.

Accessed March 23, 2022, 2022, https://www.ema.europa.eu/en/

medicines/human/EPAR/ryzodeg

63. Kurtzhals P, Schaffer L, Sorensen A, et al. Correlations of receptor

binding and metabolic and mitogenic potencies of insulin analogs

designed for clinical use. Diabetes. 2000;49(6):999-1005.

64. Investigators OT, Gerstein HC, Bosch J, et al. Basal insulin and car-

diovascular and other outcomes in dysglycemia. Comparative study

multicenter study randomized controlled trial research support, non-

U.S. Gov't. N Engl J Med. 2012;367(4):319-328. doi:10.1056/

NEJMoa1203858

65. Kixelle EMA approval. 2022. Accessed March 23, 2022, chrome-

extension://efaidnbmnnnibpcajpcglclefindmkaj/viewer.html?pdfurl=

https%3A%2F%2Fwww.ema.europa.eu%2Fen%2Fdocuments%2F

product-information%2Fkirsty-previously-kixelle-epar-product-infor-

mation_en.pdf&clen=723626&chunk=true

66. Admelog approval info. 2022. Accessed March 23, 2022, chrome-

extension://efaidnbmnnnibpcajpcglclefindmkaj/viewer.html?pdfurl=

https%3A%2F%2Fwww.ema.europa.eu%2Fen%2Fdocuments%2F

product-information%2Finsulin-aspart-sanofi-epar-product-infor-

mation_en.pdf&clen=1004004&chunk=true

67. Stickelmeyer MP, Graf CJ, Frank BH, Ballard RL, Storms SM. Stability

of U-10 and U-50 dilutions of insulin lispro. Diabetes Technol Ther.

2000;2(1):61-66. doi:10.1089/152091599316757

68. Ruan Y, Elleri D, Allen JM, et al. Pharmacokinetics of diluted (U20)

insulin aspart compared with standard (U100) in children aged

3-6 years with type 1 diabetes during closed-loop insulin delivery: a

randomised clinical trial. Diabetologia. 2015;58(4):687-690. doi:10.

1007/s00125-014-3483-6

69. Elleri D, Allen JM, Tauschmann M, et al. Feasibility of overnight

closed-loop therapy in young children with type 1 diabetes aged

3-6 years: comparison between diluted and standard insulin

strength. BMJ Open Diabetes Res Care. 2014;2(1):e000040. doi:10.

1136/bmjdrc-2014-000040

70. Kurnaz E, Aycan Z, Yildirim N, Cetinkaya S. Conventional insulin

pump therapy in two neonatal diabetes patients harboring the

homozygous PTF1A enhancer mutation: need for a novel approach

for the management of neonatal diabetes. Turk J Pediatr. 2017;59(4):

458-462. doi:10.24953/turkjped.2017.04.013

71. Rabbone I, Barbetti F, Gentilella R, et al. Insulin therapy in neonatal

diabetes mellitus: a review of the literature. Diabetes Res Clin Pract.

2017;129:126-135. doi:10.1016/j.diabres.2017.04.007

72. Welters A, Meissner T, Konrad K, et al. Diabetes management in

Wolcott-Rallison syndrome: analysis from the German/Austrian

DPV database. Orphanet J Rare Dis. 2020;15(1):100. doi:10.1186/

s13023-020-01359-y

73. Neu A, Lange K, Barrett T, et al. Classifying insulin regimens - diffi-

culties and proposal for comprehensive new definitions. Pediatr Dia-

betes. 2015;16(6):402-406. doi:10.1111/pedi.12275

74. Cobry E, McFann K, Messer L, et al. Timing of meal insulin boluses

to achieve optimal postprandial glycemic management in patients

with type 1 diabetes. Diabetes Technol Ther. 2010;12(3):173-177.

doi:10.1089/dia.2009.0112

75. Luijf YM, van Bon AC, Hoekstra JB, Devries JH. Premeal injection of

rapid-acting insulin reduces postprandial glycemic excursions in type

1 diabetes. Diabetes Care. 2010;33(10):2152-2155. doi:10.2337/

dc10-0692

76. Bode BW, Iotova V, Kovarenko M, et al. Efficacy and safety of fast-

acting insulin aspart compared with insulin Aspart, both in combina-

tion with insulin Degludec, in children and adolescents with type

1 diabetes: the onset 7 trial. Diabetes Care. 2019;42(7):1255-1262.

doi:10.2337/dc19-0009

77. Heise T, Pieber TR, Danne T, Erichsen L, Haahr H. A pooled analysis

of clinical pharmacology trials investigating the pharmacokinetic and

pharmacodynamic characteristics of fast-acting insulin aspart in

adults with type 1 diabetes. Clin Pharmacokinet. 2017;56(5):551-

559. doi:10.1007/s40262-017-0514-8

78. Linnebjerg H, Zhang Q, LaBell E, et al. Pharmacokinetics and Gluco-

dynamics of ultra rapid lispro (URLi) versus humalog([R]) (Lispro) in

younger adults and elderly patients with type 1 diabetes mellitus: a

randomised controlled trial. Clin Pharmacokinet. 2020;59(12):1589-

1599. doi:10.1007/s40262-020-00903-0

79. Miura J, Imori M, Nishiyama H, Imaoka T. Ultra-rapid Lispro effi-

cacy and safety compared to humalog([R]) in Japanese patients

with type 1 diabetes: PRONTO-T1D subpopulation analysis. Diabe-

tes Technol Ther. 2020;11(9):2089-2104. doi:10.1007/s13300-020-

00892-0

80. Shiramoto M, Nasu R, Oura T, Imori M, Ohwaki K. Ultra-rapid Lispro

results in accelerated insulin lispro absorption and faster early insulin

action in comparison with humalog([R]) in Japanese patients with

type 1 diabetes. J Diabetes Investig. 2020;11(3):672-680. doi:10.

1111/jdi.13195

81. Sackey AH, Jefferson IG. Interval between insulin injection and

breakfast in diabetes. Arch Dis Child. 1994;71(3):248-250. doi:10.

1136/adc.71.3.248

CENGIZ ET AL. 1293

info:doi/10.1016/j.diabres.2016.10.002
info:doi/10.1016/j.diabres.2016.10.002
https://www.ema.europa.eu/en/medicines/human/EPAR/toujeo-previously-optisulin
https://www.ema.europa.eu/en/medicines/human/EPAR/toujeo-previously-optisulin
info:doi/10.1007/s11095-012-0739-z
info:doi/10.1210/jc.2012-3249
info:doi/10.1111/pedi.12116
info:doi/10.1111/pedi.12263
info:doi/10.1021/acs.jmedchem.1c00257
info:doi/10.1136/bmjdrc-2021-002301
info:doi/10.1111/pedi.12724
https://www.ema.europa.eu/en/medicines/human/EPAR/ryzodeg
https://www.ema.europa.eu/en/medicines/human/EPAR/ryzodeg
https://www.ema.europa.eu/en/medicines/human/EPAR/ryzodeg
info:doi/10.1056/NEJMoa1203858
info:doi/10.1056/NEJMoa1203858
info:doi/10.1089/152091599316757
info:doi/10.1007/s00125-014-3483-6
info:doi/10.1007/s00125-014-3483-6
info:doi/10.1136/bmjdrc-2014-000040
info:doi/10.1136/bmjdrc-2014-000040
info:doi/10.24953/turkjped.2017.04.013
info:doi/10.1016/j.diabres.2017.04.007
info:doi/10.1186/s13023-020-01359-y
info:doi/10.1186/s13023-020-01359-y
info:doi/10.1111/pedi.12275
info:doi/10.1089/dia.2009.0112
info:doi/10.2337/dc10-0692
info:doi/10.2337/dc10-0692
info:doi/10.2337/dc19-0009
info:doi/10.1007/s40262-017-0514-8
info:doi/10.1007/s40262-020-00903-0
info:doi/10.1007/s13300-020-00892-0
info:doi/10.1007/s13300-020-00892-0
info:doi/10.1111/jdi.13195
info:doi/10.1111/jdi.13195
info:doi/10.1136/adc.71.3.248
info:doi/10.1136/adc.71.3.248


82. Chowdhury S. Puberty and type 1 diabetes. Indian J Endocrinol

Metab. 2015;19(Suppl 1):S51-S54. doi:10.4103/2230-8210.155402

83. Amiel SA, Sherwin RS, Simonson DC, Lauritano AA,

Tamborlane WV. Impaired insulin action in puberty. A contributing

factor to poor glycemic control in adolescents with diabetes.

Research support, non-U.S. Gov't research support, U.S. Gov't, P.H.

S. N Engl J Med. 1986;315(4):215-219. doi:10.1056/

NEJM198607243150402

84. Dunger DB, Cheetham TD. Growth hormone insulin-like growth fac-

tor I axis in insulin-dependent diabetes mellitus. Horm Res. 1996;

46(1):2-6.

85. Munoz MT, Barrios V, Pozo J, Argente J. Insulin-like growth factor I,

its binding proteins 1 and 3, and growth hormone-binding protein in

children and adolescents with insulin-dependent diabetes mellitus:

clinical implications. Research support, non-U.S. Gov't. Pediatr Res.

1996;39(6):992-998.

86. Nambam B, Schatz D. Growth hormone and insulin-like growth

factor-I axis in type 1 diabetes. Growth Hormon IGF Res. 2018;38:49-

52. doi:10.1016/j.ghir.2017.12.005

87. Trout KK, Rickels MR, Schutta MH, et al. Menstrual cycle effects on

insulin sensitivity in women with type 1 diabetes: a pilot study.

Research support, N.I.H., extramural research support, non-U.S.

Gov't. Diabetes Technol Ther. 2007;9(2):176-182. doi:10.1089/dia.

2006.0004

88. Codner E, Merino PM, Tena-Sempere M. Female reproduction and

type 1 diabetes: from mechanisms to clinical findings. Hum Reprod

Update. 2012;18(5):568-585. doi:10.1093/humupd/dms024

89. Tan CY, Wilson DM, Buckingham B. Initiation of insulin glargine in

children and adolescents with type 1 diabetes. Pediatr Diabetes.

2004;5(2):80-86. doi:10.1111/j.1399-543X.2004.00039.x

90. Danne T, Lupke K, Walte K, Von Schuetz W, Gall MA. Insulin dete-

mir is characterized by a consistent pharmacokinetic profile across

age-groups in children, adolescents, and adults with type 1 diabetes.

Diabetes Care. 2003;26(11):3087-3092.

91. Urakami T, Mine Y, Aoki M, Okuno M, Suzuki J. A randomized cross-

over study of the efficacy and safety of switching from insulin glar-

gine to insulin degludec in children with type 1 diabetes. Endocr J.

2017;64(2):133-140. doi:10.1507/endocrj.EJ16-0294

92. Predieri B, Suprani T, Maltoni G, et al. Switching from glargine to

degludec: the effect on metabolic control and safety during 1-year

of real clinical practice in children and adolescents with type 1 diabe-

tes. Front Endocrinol (Lausanne). 2018;9:462. doi:10.3389/fendo.

2018.00462

93. Enander R, Gundevall C, Strömgren A, Chaplin J, Hanas R. Carbohy-

drate counting with a bolus calculator improves post-prandial blood

glucose levels in children and adolescents with type 1 diabetes using

insulin pumps. Pediatr Diabetes. 2012;13(7):545-551. doi:10.1111/j.

1399-5448.2012.00883.x

94. Hanas R, Adolfsson P. Bolus calculator settings in well-controlled

prepubertal children using insulin pumps are characterized by low

insulin to carbohydrate ratios and short duration of insulin action

time. J Diabetes Sci Technol. 2017;11(2):247-252. doi:10.1177/

1932296816661348

95. Davidson PC, Hebblewhite HR, Steed RD, Bode BW. Analysis of

guidelines for basal-bolus insulin dosing: basal insulin, correction fac-

tor, and carbohydrate-to-insulin ratio. Endocr Pract. 2008;14(9):

1095-1101. doi:10.4158/ep.14.9.1095

96. Holl RW, Swift PG, Mortensen HB, et al. Insulin injection regimens

and metabolic control in an international survey of adolescents with

type 1 diabetes over 3 years: results from the Hvidore study group.

Eur J Pediatr. 2003;162(1):22-29. doi:10.1007/s00431-002-1037-2

97. Cengiz E, Connor CG, Ruedy KJ, et al. Pediatric diabetes consortium

T1D new onset (NeOn) study: clinical outcomes during the first year

following diagnosis. Pediatr Diabetes. 2014;15(4):287-293. doi:10.

1111/pedi.12068

98. Cengiz E, Cheng P, Ruedy KJ, et al. Clinical outcomes in youth

beyond the first year of type 1 diabetes: results of the pediatric dia-

betes consortium (PDC) type 1 diabetes new onset (NeOn) study.

Pediatr Diabetes. 2017;18(7):566-573. doi:10.1111/pedi.12459

99. Kinmonth AL, Baum JD. Timing of pre-breakfast insulin injection and

postprandial metabolic control in diabetic children. Br Med J. 1980;

280(6214):604-606. doi:10.1136/bmj.280.6214.604

100. Randlov J, Poulsen JU. How much do forgotten insulin injections

matter to hemoglobin a1c in people with diabetes? A simulation

study. J Diabetes Sci Technol. 2008;2(2):229-235. doi:10.1177/

193229680800200209

101. Burdick J, Chase HP, Slover RH, et al. Missed insulin meal boluses

and elevated hemoglobin A1c levels in children receiving insulin

pump therapy. Pediatrics. 2004;113(3 Pt 1):e221-e224. doi:10.

1542/peds.113.3.e221

102. Clements MA, DeLurgio SA, Williams DD, Habib S, Halpin K,

Patton SR. Association of HbA1c to BOLUS scores among youths

with type 1 diabetes. Diabetes Technol Ther. 2016;18(6):351-359.

doi:10.1089/dia.2015.0352

103. Tascini G, Berioli MG, Cerquiglini L, et al. Carbohydrate counting in

children and adolescents with type 1 diabetes. Nutrients. 2018;

10(1):10109. doi:10.3390/nu10010109

104. Birkebaek NH, Solvig J, Hansen B, Jorgensen C, Smedegaard J,

Christiansen JS. A 4-mm needle reduces the risk of intramuscular injec-

tions without increasing backflow to skin surface in lean diabetic children

and adults. Diabetes Care. 2008;31(9):e65. doi:10.2337/dc08-0977

105. Kalra S, Hirsch LJ, Frid A, Deeb A, Strauss KW. Pediatric insulin

injection technique: a multi-country survey and clinical practice

implications. Diabetes Ther. 2018;9(6):2291-2302. doi:10.1007/

s13300-018-0514-1

106. Hofman PL, Lawton SA, Peart JM, et al. An angled insertion tech-

nique using 6-mm needles markedly reduces the risk of intramuscu-

lar injections in children and adolescents. Diabet Med. 2007;24(12):

1400-1405. doi:10.1111/j.1464-5491.2007.02272.x

107. Hofman PL, Derraik JG, Pinto TE, et al. Defining the ideal injection

techniques when using 5-mm needles in children and adults. Diabe-

tes Care. 2010;33(9):1940-1944. doi:10.2337/dc10-0871

108. Birkebaek NH, Johansen A, Solvig J. Cutis/subcutis thickness at

insulin injection sites and localization of simulated insulin boluses in

children with type 1 diabetes mellitus: need for individualization of

injection technique? Diabet Med. 1998;15(11):965-971. doi:10.

1002/(SICI)1096-9136(1998110)15:113.0.CO;2-Y

109. Smith CP, Sargent MA, Wilson BP, Price DA. Subcutaneous or intra-

muscular insulin injections. Arch Dis Child. 1991;66(7):879-882. doi:

10.1136/adc.66.7.879

110. Ginsberg BH, Parkes JL, Sparacino C. The kinetics of insulin adminis-

tration by insulin pens. Horm Metab Res. 1994;26(12):584-587. doi:

10.1055/s-2007-1001764

111. Wysocki T, Harris MA, Buckloh LM, et al. Self-care autonomy and

outcomes of intensive therapy or usual care in youth with type 1 dia-

betes. J Pediatr Psychol. 2006;31(10):1036-1045. doi:10.1093/

jpepsy/jsj017

112. Halberg IJL, Dahl U. A study on selfmixing insulin aspart with NPH

insulin in the syringe before injection. Diabetes. 1999;48(Suppl. 1):

SA104.

113. Cengiz E, Tamborlane WV, Martin-Fredericksen M, Dziura J,

Weinzimer SA. Early pharmacokinetic and pharmacodynamic effects

of mixing lispro with glargine insulin: results of glucose clamp studies

in youth with type 1 diabetes. Randomized Controlled Trial Research

Support, N.I.H., Extramural Research Support, Non-U.S. Gov't. Diabe-

tes Care. 2010;33(5):1009-1012. doi:10.2337/dc09-2118

114. Cengiz E, Swan KL, Tamborlane WV, Sherr JL, Martin M,

Weinzimer SA. The alteration of aspart insulin pharmacodynamics

when mixed with detemir insulin. Diabetes Care. 2012;35(4):690-

692. doi:10.2337/Dc11-0732

1294 CENGIZ ET AL.

info:doi/10.4103/2230-8210.155402
info:doi/10.1056/NEJM198607243150402
info:doi/10.1056/NEJM198607243150402
info:doi/10.1016/j.ghir.2017.12.005
info:doi/10.1089/dia.2006.0004
info:doi/10.1089/dia.2006.0004
info:doi/10.1093/humupd/dms024
info:doi/10.1111/j.1399-543X.2004.00039.x
info:doi/10.1507/endocrj.EJ16-0294
info:doi/10.3389/fendo.2018.00462
info:doi/10.3389/fendo.2018.00462
info:doi/10.1111/j.1399-5448.2012.00883.x
info:doi/10.1111/j.1399-5448.2012.00883.x
info:doi/10.1177/1932296816661348
info:doi/10.1177/1932296816661348
info:doi/10.4158/ep.14.9.1095
info:doi/10.1007/s00431-002-1037-2
info:doi/10.1111/pedi.12068
info:doi/10.1111/pedi.12068
info:doi/10.1111/pedi.12459
info:doi/10.1136/bmj.280.6214.604
info:doi/10.1177/193229680800200209
info:doi/10.1177/193229680800200209
info:doi/10.1542/peds.113.3.e221
info:doi/10.1542/peds.113.3.e221
info:doi/10.1089/dia.2015.0352
info:doi/10.3390/nu10010109
info:doi/10.2337/dc08-0977
info:doi/10.1007/s13300-018-0514-1
info:doi/10.1007/s13300-018-0514-1
info:doi/10.1111/j.1464-5491.2007.02272.x
info:doi/10.2337/dc10-0871
info:doi/10.1002/(SICI)1096-9136(1998110)15:11&lt;965::AID-DIA691&gt;3.0.CO;2-Y
info:doi/10.1002/(SICI)1096-9136(1998110)15:11&lt;965::AID-DIA691&gt;3.0.CO;2-Y
info:doi/10.1136/adc.66.7.879
info:doi/10.1055/s-2007-1001764
info:doi/10.1093/jpepsy/jsj017
info:doi/10.1093/jpepsy/jsj017
info:doi/10.2337/dc09-2118
info:doi/10.2337/Dc11-0732


115. Frid AH, Hirsch LJ, Menchior AR, Morel DR, Strauss KW. Worldwide

injection technique questionnaire study: injecting complications and

the role of the professional. Mayo Clin Proc. 2016;91(9):1224-1230.

doi:10.1016/j.mayocp.2016.06.012

116. Seyoum B, Abdulkadir J. Systematic inspection of insulin injection

sites for local complications related to incorrect injection technique.

Trop Dr. 1996;26(4):159-161. doi:10.1177/004947559602600406

117. Chantelau E, Lee DM, Hemmann DM, Zipfel U, Echterhoff S. What

makes insulin injections painful? BMJ. 1991;303(6793):26-27. doi:

10.1136/bmj.303.6793.26

118. Hanas R, Adolfsson P, Elfvin-Akesson K, et al. Indwelling catheters

used from the onset of diabetes decrease injection pain and pre-

injection anxiety. J Pediatr. 2002;140(3):315-320.

119. Burdick P, Cooper S, Horner B, Cobry E, McFann K, Chase HP. Use

of a subcutaneous injection port to improve glycemic control in chil-

dren with type 1 diabetes. Pediatr Diabetes. 2009;10(2):116-119.

doi:10.1111/j.1399-5448.2008.00449.x

120. Hanas SR, Ludvigsson J. Metabolic control is not altered when using

indwelling catheters for insulin injections. Diabetes Care. 1994;17(7):

716-718. doi:10.2337/diacare.17.7.716

121. Mudaliar SR, Lindberg FA, Joyce M, et al. Insulin aspart (B28 asp-

insulin): a fast-acting analog of human insulin: absorption kinetics

and action profile compared with regular human insulin in healthy

nondiabetic subjects. Diabetes Care. 1999;22(9):1501-1506. doi:10.

2337/diacare.22.9.1501

122. ter Braak EW, Woodworth JR, Bianchi R, et al. Injection site

effects on the pharmacokinetics and glucodynamics of insulin

lispro and regular insulin. Diabetes Care. 1996;19(12):1437-

1440.

123. Vaag A, Pedersen KD, Lauritzen M, Hildebrandt P, Beck-Nielsen H.

Intramuscular versus subcutaneous injection of unmodified insulin:

consequences for blood glucose control in patients with type 1 dia-

betes mellitus. Diabet Med. 1990;7(4):335-342. doi:10.1111/j.1464-

5491.1990.tb01401.x

124. Frid A. Injection and absorption of insulin. PhD Thesis. Faculty of

Medicine, Karolinska Institute, Stockholm, Sweden. 1992.

125. Bantle JP, Neal L, Frankamp LM. Effects of the anatomical region

used for insulin injections on glycemia in type I diabetes subjects.

Diabetes Care. 1993;16(12):1592-1597. doi:10.2337/diacare.16.12.

1592

126. Gradel AKJ, Porsgaard T, Lykkesfeldt J, et al. Factors affecting the

absorption of subcutaneously administered insulin: effect on vari-

ability. J Diabetes Res. 2018;2018:1205121. doi:10.1155/2018/

1205121

127. Guerci B, Sauvanet JP. Subcutaneous insulin: pharmacokinetic vari-

ability and glycemic variability. Diabetes Metab. 2005;31(4 Pt 2):

4S7-4S24. doi:10.1016/s1262-3636(05)88263-1

128. Owens DR, Coates PA, Luzio SD, Tinbergen JP, Kurzhals R. Pharma-

cokinetics of 125I-labeled insulin glargine (HOE 901) in healthy

men: comparison with NPH insulin and the influence of different

subcutaneous injection sites. Diabetes Care. 2000;23(6):813-819.

doi:10.2337/diacare.23.6.813

129. Nosek L, Coester HV, Roepstorff C, et al. Glucose-lowering effect of

insulin degludec is independent of subcutaneous injection region.

Clin Drug Investig. 2014;34(9):673-679. doi:10.1007/s40261-014-

0218-x

130. Frid A, Gunnarsson R, Guntner P, Linde B. Effects of accidental

intramuscular injection on insulin absorption in IDDM. Diabetes

Care. 1988;11(1):41-45. doi:10.2337/diacare.11.1.41

131. Hirsch L, Byron K, Gibney M. Intramuscular risk at insulin injection

sites–measurement of the distance from skin to muscle and ratio-

nale for shorter-length needles for subcutaneous insulin therapy.

Diabetes Technol Ther. 2014;16(12):867-873. doi:10.1089/dia.2014.

0111

132. Cengiz E, Weinzimer SA, Sherr JL, et al. Faster in and faster out:

accelerating insulin absorption and action by insulin infusion site

warming. Diabetes Technol Ther. 2014;16(1):20-25. doi:10.1089/dia.

2013.0187

133. Raz I, Bitton G, Feldman D, Alon T, Pfutzner A, Tamborlane WV.

Improved postprandial glucose control using the InsuPad device in

insulin-treated type 2 diabetes: injection site warming to improve

glycemic control. J Diabetes Sci Technol. 2015;9(3):639-643. doi:10.

1177/1932296815578881

134. Pitt JP, McCarthy OM, Hoeg-Jensen T, Wellman BM, Bracken RM.

Factors influencing insulin absorption around exercise in type 1 dia-

betes. Front Endocrinol (Lausanne). 2020;11:573275. doi:10.3389/

fendo.2020.573275

135. Frid A, Ostman J, Linde B. Hypoglycemia risk during exercise after

intramuscular injection of insulin in thigh in IDDM. Diabetes Care.

1990;13(5):473-477. doi:10.2337/diacare.13.5.473

136. Peter R, Luzio SD, Dunseath G, et al. Effects of exercise on the

absorption of insulin glargine in patients with type 1 diabetes. Diabe-

tes Care. 2005;28(3):560-565.

137. Karges B, Boehm BO, Karges W. Early hypoglycaemia after acciden-

tal intramuscular injection of insulin glargine. Diabet Med. 2005;

22(10):1444-1445.

138. Young RJ, Hannan WJ, Frier BM, Steel JM, Duncan LJ. Diabetic lipo-

hypertrophy delays insulin absorption. Diabetes Care. 1984;7(5):

479-480. doi:10.2337/diacare.7.5.479

139. Sindelka G, Heinemann L, Berger M, Frenck W, Chantelau E. Effect

of insulin concentration, subcutaneous fat thickness and skin tem-

perature on subcutaneous insulin absorption in healthy subjects.

Diabetologia. 1994;37(4):377-380. doi:10.1007/BF00408474

140. Schuler G, Pelz K, Kerp L. Is the reuse of needles for insulin injection

systems associated with a higher risk of cutaneous complications?

Diabetes Res Clin Pract. 1992;16(3):209-212. doi:10.1016/0168-

8227(92)90119-c

141. Arendt-Nielsen L, Egekvist H, Bjerring P. Pain following controlled

cutaneous insertion of needles with different diameters. Somatosens

Mot Res. 2006;23(1–2):37-43. doi:10.1080/08990220600700925
142. Hanas R, Ludvigsson J. Side effects and indwelling times of subcuta-

neous catheters for insulin injections: a new device for injecting insu-

lin with a minimum of pain in the treatment of insulin-dependent

diabetes mellitus. Diabetes Res Clin Pract. 1990;10(1):73-83.

143. Hanas SR, Carlsson S, Frid A, Ludvigsson J. Unchanged insulin

absorption after 4 days' use of subcutaneous indwelling catheters

for insulin injections. Diabetes Care. 1997;20(4):487-490. doi:10.

2337/diacare.20.4.487

144. Engwerda EEC, Tack CJ, de Galan BE. Pharmacokinetic and pharma-

codynamic variability of insulin when administered by jet injection.

J Diabetes Sci Technol. 2017;11(5):947-952. doi:10.1177/

1932296817699638

145. Chiasson JL, Ducros F, Poliquin-Hamet M, Lopez D, Lecavalier L,

Hamet P. Continuous subcutaneous insulin infusion (mill-hill infuser)

versus multiple injections (Medi-Jector) in the treatment of insulin-

dependent diabetes mellitus and the effect of metabolic control on

microangiopathy. Diabetes Care. 1984;7(4):331-337. doi:10.2337/

diacare.7.4.331

146. Houtzagers CM, Visser AP, Berntzen PA, Heine RJ, van der

Veen EA. The Medi-Jector II: efficacy and acceptability in insulin-

dependent diabetic patients with and without needle phobia. Diabet

Med. 1988;5(2):135-138. doi:10.1111/j.1464-5491.1988.tb00959.x

147. Engwerda EE, Abbink EJ, Tack CJ, de Galan BE. Improved pharmaco-

kinetic and pharmacodynamic profile of rapid-acting insulin using

needle-free jet injection technology. Diabetes Care. 2011;34(8):

1804-1808. doi:10.2337/dc11-0182

148. Litton J, Rice A, Friedman N, Oden J, Lee MM, Freemark M. Insulin

pump therapy in toddlers and preschool children with type

CENGIZ ET AL. 1295

info:doi/10.1016/j.mayocp.2016.06.012
info:doi/10.1177/004947559602600406
info:doi/10.1136/bmj.303.6793.26
info:doi/10.1111/j.1399-5448.2008.00449.x
info:doi/10.2337/diacare.17.7.716
info:doi/10.2337/diacare.22.9.1501
info:doi/10.2337/diacare.22.9.1501
info:doi/10.1111/j.1464-5491.1990.tb01401.x
info:doi/10.1111/j.1464-5491.1990.tb01401.x
info:doi/10.2337/diacare.16.12.1592
info:doi/10.2337/diacare.16.12.1592
info:doi/10.1155/2018/1205121
info:doi/10.1155/2018/1205121
info:doi/10.1016/s1262-3636(05)88263-1
info:doi/10.2337/diacare.23.6.813
info:doi/10.1007/s40261-014-0218-x
info:doi/10.1007/s40261-014-0218-x
info:doi/10.2337/diacare.11.1.41
info:doi/10.1089/dia.2014.0111
info:doi/10.1089/dia.2014.0111
info:doi/10.1089/dia.2013.0187
info:doi/10.1089/dia.2013.0187
info:doi/10.1177/1932296815578881
info:doi/10.1177/1932296815578881
info:doi/10.3389/fendo.2020.573275
info:doi/10.3389/fendo.2020.573275
info:doi/10.2337/diacare.13.5.473
info:doi/10.2337/diacare.7.5.479
info:doi/10.1007/BF00408474
info:doi/10.1016/0168-8227(92)90119-c
info:doi/10.1016/0168-8227(92)90119-c
info:doi/10.1080/08990220600700925
info:doi/10.2337/diacare.20.4.487
info:doi/10.2337/diacare.20.4.487
info:doi/10.1177/1932296817699638
info:doi/10.1177/1932296817699638
info:doi/10.2337/diacare.7.4.331
info:doi/10.2337/diacare.7.4.331
info:doi/10.1111/j.1464-5491.1988.tb00959.x
info:doi/10.2337/dc11-0182


1 diabetes mellitus. J Pediatr. 2002;141(4):490-495. doi:10.1067/

mpd.2002.127500

149. Berghaeuser MA, Kapellen T, Heidtmann B, et al. Continuous subcu-

taneous insulin infusion in toddlers starting at diagnosis of type

1 diabetes mellitus. A multicenter analysis of 104 patients from

63 centres in Germany and Austria. Pediatr Diabetes. 2008;9(6):590-

595. doi:10.1111/j.1399-5448.2008.00416.x

150. Skogsberg L, Fors H, Hanas R, Chaplin JE, Lindman E, Skogsberg J.

Improved treatment satisfaction but no difference in metabolic con-

trol when using continuous subcutaneous insulin infusion

vs. multiple daily injections in children at onset of type 1 diabetes

mellitus. Pediatr Diabetes. 2008;9(5):472-479. doi:10.1111/j.1399-

5448.2008.00390.x

151. Bolli GB, Kerr D, Thomas R, et al. Comparison of a multiple daily

insulin injection regimen (basal once-daily glargine plus mealtime lis-

pro) and continuous subcutaneous insulin infusion (lispro) in type

1 diabetes: a randomized open parallel multicenter study. Diabetes

Care. 2009;32(7):1170-1176. doi:10.2337/dc08-1874

152. Colquitt J, Royle P, Waugh N. Are analogue insulins better than sol-

uble in continuous subcutaneous insulin infusion? Results of a meta-

analysis. Diabet Med. 2003;20(10):863-866. doi:10.1046/j.1464-

5491.2003.01018.x

153. Sulmont V, Souchon PF, Gouillard-Darnaud C, et al. Metabolic con-

trol in children with diabetes mellitus who are younger than 6 years

at diagnosis: continuous subcutaneous insulin infusion as a first line

treatment? J Pediatr. 2010;157(1):103-107. doi:10.1016/j.jpeds.

2009.12.034

154. Danne T, Battelino T, Jarosz-Chobot P, et al. Establishing glycaemic

control with continuous subcutaneous insulin infusion in children

and adolescents with type 1 diabetes: experience of the PedPump

study in 17 countries. Diabetologia. 2008;51(9):1594-1601. doi:10.

1007/s00125-008-1072-2

155. Heinemann L, Braune K, Carter A, Zayani A, Krämer LA. Insulin stor-

age: a critical reappraisal. J Diabetes Sci Technol. 2021;15(1):147-

159. doi:10.1177/1932296819900258

156. Braune K, Kraemer LA, Weinstein J, Zayani A, Heinemann L. Storage

conditions of insulin in domestic refrigerators and when carried by

patients: often outside recommended temperature range. Diabetes

Technol Ther. 2019;21(5):238-244. doi:10.1089/dia.2019.0046

157. Virmani A, Avni TCA. A case for expanding thermochromic vial mon-

itor technology to insulin and other biologics. Indian Pediatr. 2020;

57(1):17-19. doi:10.1007/s13312-020-1696-y

158. Herr JK, Keith S, Klug R, Pettis RJ. Characterizing normal-use tem-

perature conditions of pumped insulin. J Diabetes Sci Technol. 2014;

8(4):850-854. doi:10.1177/1932296814532327

159. Richter B, Bongaerts B, Metzendorf MI. Thermal stability and stor-

age of human insulin. In: Cochrane database of systematic reviews.

John Wiley & Sons, Ltd; 2022;1465-1858. doi:10.1002/14651858.

CD015385

160. Umpierrez GE, Jones S, Smiley D, et al. Insulin analogs versus human

insulin in the treatment of patients with diabetic ketoacidosis: a ran-

domized controlled trial. Diabetes Care. 2009;32(7):1164-1169. doi:

10.2337/dc09-0169

161. Pérez A, Ramos A, Carreras G. Insulin therapy in hospitalized

patients. Am J Ther. 2020;27(1):e71-e78.

162. Tosur M, Viau-Colindres J, Astudillo M, Redondo MJ, Lyons SK.

Medication-induced hyperglycemia: pediatric perspective. BMJ Open

Diabetes Res Care. 2020;8(1):e000801.

163. Fram RY, Cree MG, Wolfe RR, et al. Intensive insulin therapy

improves insulin sensitivity and mitochondrial function in severely

burned children. Crit Care Med. 2010;38(6):9e.

164. Wolfsdorf JI, Glaser N, Agus M, et al. ISPAD clinical practice consen-

sus guidelines 2018: diabetic ketoacidosis and the hyperglycemic

hyperosmolar state. Pediatr Diabetes. 2018;19:155-177.

165. Cohen M, Leibovitz N, Shilo S, Zuckerman-Levin N, Shavit I,

Shehadeh N. Subcutaneous regular insulin for the treatment of dia-

betic ketoacidosis in children. Pediatr Diabetes. 2017;18(4):

290-296.

166. Della Manna T, Steinmetz L, Campos PR, et al. Subcutaneous use of

a fast-acting insulin analog: an alternative treatment for pediatric

patients with diabetic ketoacidosis. Diabetes Care. 2005;28(8):1856-

1861.

167. Ersöz H, Ukinc K, Köse M, et al. Subcutaneous lispro and intrave-

nous regular insulin treatments are equally effective and safe for the

treatment of mild and moderate diabetic ketoacidosis in adult

patients. Int J Clin Pract. 2006;60(4):429-433.

168. Umpierrez GE, Cuervo R, Karabell A, Latif K, Freire AX, Kitabchi AE.

Treatment of diabetic ketoacidosis with subcutaneous insulin aspart.

Diabetes Care. 2004;27(8):1873-1878.

169. Savoldelli RD, Farhat SC, Manna TD. Alternative management of

diabetic ketoacidosis in a Brazilian pediatric emergency department.

Diabetol Metab Syndr. 2010;2(1):41.

170. Beran D, Lazo-Porras M, Mba CM, Mbanya JC. A global perspective

on the issue of access to insulin. Diabetologia. 2021;64(5):954-962.

doi:10.1007/s00125-020-05375-2

171. Beran D, Ewen M, Lipska K, Hirsch IB, Yudkin JS. Availability and

affordability of essential medicines: implications for global diabetes

treatment. Curr Diab Rep. 2018;18(8):48. doi:10.1007/s11892-018-

1019-z

How to cite this article: Cengiz E, Danne T, Ahmad T, et al.

ISPAD Clinical Practice Consensus Guidelines 2022: Insulin

treatment in children and adolescents with diabetes. Pediatr

Diabetes. 2022;23(8):1277‐1296. doi:10.1111/pedi.13442

1296 CENGIZ ET AL.

info:doi/10.1067/mpd.2002.127500
info:doi/10.1067/mpd.2002.127500
info:doi/10.1111/j.1399-5448.2008.00416.x
info:doi/10.1111/j.1399-5448.2008.00390.x
info:doi/10.1111/j.1399-5448.2008.00390.x
info:doi/10.2337/dc08-1874
info:doi/10.1046/j.1464-5491.2003.01018.x
info:doi/10.1046/j.1464-5491.2003.01018.x
info:doi/10.1016/j.jpeds.2009.12.034
info:doi/10.1016/j.jpeds.2009.12.034
info:doi/10.1007/s00125-008-1072-2
info:doi/10.1007/s00125-008-1072-2
info:doi/10.1177/1932296819900258
info:doi/10.1089/dia.2019.0046
info:doi/10.1007/s13312-020-1696-y
info:doi/10.1177/1932296814532327
info:doi/10.1002/14651858.CD015385
info:doi/10.1002/14651858.CD015385
info:doi/10.2337/dc09-0169
info:doi/10.1007/s00125-020-05375-2
info:doi/10.1007/s11892-018-1019-z
info:doi/10.1007/s11892-018-1019-z
info:doi/10.1111/pedi.13442

	ISPAD Clinical Practice Consensus Guidelines 2022: Insulin treatment in children and adolescents with diabetes
	1  WHAT IS NEW OR DIFFERENT
	2  EXECUTIVE SUMMARY AND RECOMMENDATIONS
	3  INTRODUCTION
	4  INSULIN FORMULATIONS
	4.1  Prandial insulins
	4.1.1  Regular (short-acting) insulin
	4.1.2  Rapid-acting insulins
	We recommend considering the following points when using RAI

	4.1.3  Ultra-rapid-acting insulins

	4.2  Intermediate-acting insulin
	4.3  Basal insulin analogs
	4.4  Premixed insulin
	4.5  Safety of insulin analogs
	4.6  Biosimilar insulins
	4.7  Insulin concentrations

	5  PRINCIPLES OF INSULIN THERAPY
	5.1  Insulin regimens

	6  GUIDELINE ON INSULIN DOSAGE
	6.1  Insulin dose adjustments
	6.1.1  Soon after diagnosis
	6.1.2  Insulin dose adjustments for well-established diabetes

	6.2  Advice for persistent trend deviations from target BGL

	7  ADMINISTRATION AND STORAGE OF INSULIN
	7.1  Insulin injection and absorption
	7.1.1  Injection technique (IT)
	Self-injection
	Self-mixing of insulin

	7.1.2  Injection site adverse events
	7.1.3  Insulin absorption

	7.2  Devices for insulin delivery
	7.2.1  Insulin syringes
	7.2.2  Pen injector devices
	7.2.3  Subcutaneous indwelling catheters
	7.2.4  Automatic injection devices
	7.2.5  Jet injectors
	7.2.6  Continuous subcutaneous insulin infusion

	7.3  Storage of insulin
	7.3.1  Insulin storage recommendations for insulin not in use
	7.3.2  Insulin storage recommendations for insulin in use
	7.3.3  Storage of insulin when traveling


	8  INPATIENT INSULIN TREATMENT
	8.1  Intravenous insulin treatment
	8.2  Subcutaneous insulin

	9  INSULIN AVAILABILITY AND AFFORDABILITY
	10  RESEARCH AND NEW DEVELOPMENTS
	ACKNOWLEDGMENTS
	CONFLICT OF INTEREST
	REFERENCES


