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A B S T R A C T

New concentrated insulins (exceeding 100 units/mL) and dedicated devices have recently

become available, offering new treatment options for people with diabetes, for basal and

prandial insulin supplementation. The concentrated insulin formulations range from

2-fold concentration (insulin lispro 200 units/mL) with rapid-acting prandial action to

5-fold concentration (human regular insulin, 500 units/mL) with basal and short-acting

prandial actions. Long-acting basal insulins include degludec 200 units/mL and glargine

300 units/mL. Concentrated insulins have been developed with the goal of easing insulin

therapy by reducing the volume and number of injections and in some cases making use

of altered pharmacokinetic and pharmacodynamic properties. This review summarizes

the unique characteristics of each concentrated insulin to help healthcare providers and

people with diabetes understand how to best use them.
� 2019 Eli Lilly and Company. Published by Elsevier B.V. This is an open access article under

the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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1. Introduction betes mellitus treated with basal insulin required > 60 units
Glycaemic control in people with diabetes remains subopti-

mal, and compliance with complex self-care routines, includ-

ing insulin administration, is problematic [1]. There is a need

for insulins that reduce the frequency of hyperglycaemia and

hypoglycaemia and can reduce the burden of daily therapy

(fewer injections, better delivery systems), especially in

insulin-resistant patients using high insulin doses [2,3]. One

option that has been explored is insulin with increased con-

centration [4]. The history of insulin development has been

characterised by the evolution of increasing concentrations,

having started with an initial U-5 preparation, followed by

U-10, U-20, U-40 and U-80, resulting in the most commonly

used insulin formulation of human regular insulin and insu-

lin analogues, 100 units/mL (Reg-U100) [4].

U-500 beef regular insulin was the first highly concen-

trated insulin developed in 1952 to specifically treat people

with severe insulin resistance [4]. In 1994, U-500 human regu-

lar insulin (Reg-U500) was approved by the United States (US)

Food and Drug Administration. This insulin is specifically

indicated for people with diabetes who require > 200 units/

day insulin (severe insulin resistance) [5]. More recently,

newer concentrated insulins have become available and have

been shown to be safe and efficacious in people with diabetes

[5–8]. Factors such as insulin experience, dosing require-

ments, and treatment characteristics (bioequivalence,

potency, and delivery device features) are important consider-

ations which healthcare providers have an increasing interest

in understanding. This review aims to provide information on

these aspects of concentrated insulins that are essential to

understanding their clinical use.

2. Potential benefits of using concentrated
insulins

2.1. Decreased volume

Insulin injection volume is particularly important in patients

using higher insulin doses. In a meta-analysis of 5 phase 3a

clinical trials, approximately 35% of subjects with Type 2 dia-
daily [9]. In addition, people with severe insulin resistance

may need to inject > 100 units or 1 mL of Reg-U100 insulin

at a time [10]. When switching these people from U-100 insu-

lin regimens to U-500 insulin, the reduced volume of dosing

with the U-500 concentration allowed treatment of people

with severely insulin-resistant diabetes with 2 to 3 injections

daily compared to up to 10 injections a day with U-100 insu-

lins [11,12]. Reg-U500 and the newer concentrated insulin

preparations now available (Table 1), may provide potential

advantages including decreased number of injections,

decreased pain, less frequent pen changes, ability to deliver

larger doses, improved pen mechanics, and enhancements

of continuous subcutaneous insulin infusion. Such issues

may improve adherence and lessen the burden of diabetes

care on people with diabetes [13,14].

2.2. Decreased number of injections

Injecting large doses of Reg-U100 insulin can introduce chal-

lenges for people with diabetes, including difficulties with

delivering a dose in a single injection. This is due to the lim-

ited capacity of syringes and pens, resulting in the need for

additional injections for people to receive a full dose. A prac-

tice observed in clinical care has been to divide a single sub-

cutaneous insulin injection into multiple separate injections,

when the total amount of a single injection exceeds a pre-

specified volume [15–17]. With concentrated insulins,

decreased injection volume and fewer injections have

demonstrated reduced measures of disease burden and ulti-

mately improved experience with injections [18].

2.3. Decreased pain

Injecting large volumes can cause injection-site discomfort

and pain. One perceived benefit of splitting a large volume

of insulin into 2 smaller-volume injections is less injection

pain [19]. Results of a randomised controlled trial assessing

perceived pain during subcutaneous injections into the abdo-

men and thigh in people with Type 1 diabetes mellitus or Type

2 diabetes mellitus indicated that high-injection volumes



Table 1 – Concentrated insulins currently available.

Regular
U-500a,b

Regular
U-500a,b

Glargine
U-300a,c

Glargine
U-300c

Degludec
U-200a,d,e

Lispro
U-200a,e,f

Device Vial Pen Pen Pen Pen Pen
PK/PD characteristics Prandial and basal Prandial and basal Basal Basal Basal Prandial
Bioequivalent No No No No Yes Yes
Unit increments 5 5 1 2 2 1
Maximum dose (Units) 250 g 300 80 160 160 60
Units/device 10,000 1500 450 900 600 600
Storage and handling in use (days) 40 28 42 42 56 28
Minimum daily unitsh 250i 54i 11 20 11 21

Regular U-500, regular U-500 insulin (Humulin�); Glargine U-300, insulin glargine U-300 (Toujeo�); Degludec U-200, insulin degludec U-200

(Tresiba�); Lispro U-200, insulin lispro U-200 (Humalog 200�); PD, pharmacodynamics; PK, pharmacokinetics.
a Hood. Diabetes Technol Ther 2017; 19(4): 203–5.
b HUMULIN� Prescribing Information, 2016.
c TOUJEO� Prescribing Information, 2018.
d TRESIBA� Prescribing Information, 2018.
e Ovalle et al. Curr Med Res Op 2018; 34(6): 1029–1043.
f HUMALOG�, Prescribing Information, 2017.
g Using dedicated U-500 syringe.
h Minimum needed to empty the device before contents expire.
i Indicated for people with diabetes requiring > 200 units of daily insulin.
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(1.2 mL and 1.6 mL, compared with 0.4 mL and 0.8 mL) led to

more injection pain at both injection sites, and injections into

the thigh were generally more painful than those into the

abdomen [20]. A study by Kabul et al. [18] using a visual ana-

logue scale to assess injection pain demonstrated an

improvement in insulin-resistant people with Type 2 diabetes

mellitus when transition to concentrated insulin (from high-

dose Reg-U100 to Reg-U500 insulin) for both 2- and 3-times

daily injections. To avoid injection pain, people on high insu-

lin doses may be inclined to choose insulin concentrations

allowing injection of lower volumes.

2.4. Less frequent pen changes

People who have higher insulin requirements will use more

pens/cartridges. Additionally, people needing higher doses

may be candidates for new higher concentrated insulin for-

mulations, most of which are available only in a prefilled,

dedicated pen/cartridge; Reg-U500 is also available in a vial

[5]. Existing pens are either prefilled or loaded with cartridges

containing 100 units/mL insulin, which provide a maximum

total of 300 units of insulin per pen and maximum doses

between 60 and 80 units [16,19]. In contrast, pens with con-

centrated insulins contain 450 and 900 units (glargine U-300

[Glar-U300]) [6], 600 units (degludec U-200 [Deg-U200]) [7],

600 units (lispro U-200 [Lispro-U200]) [8] and 1500 units (Reg-

U500) [5]. The more insulin units contained in a single pen,

the less frequently the person will need to change pens [21].

Unless the final dose delivered by the pen matches the pre-

scribed dose, insulin wastage, double injection, or underdos-

ing will occur [22]. Less frequent pen changes benefit both

people on high doses of insulin and on relatively lower doses

of insulin. The minimum daily doses required for recom-

mending concentrated insulin are 21 units for Lispro-U200,

11 units for Deg-U200, and 11 units for Glar-U300 (20 units

for Max SoloStar) (Table 1). These recommendations relate

to the shelf life of the insulin contained within the pen. For
example, for Lispro-U200, the pen holds 600 units, so the

patient can inject 21 units daily over the 28-day shelf life of

the pen [8].

2.5. Easier delivery of larger doses

Mechanical aspects of using delivery devices affecting the

maximum amount of insulin that can be delivered in a

single dose vary across insulin pens and limit the total

insulin amount that can be injected at once. For U-100

insulins, a maximum of between 60 units and 80 units

using an insulin pen [16,19] can be injected in a single

dose, compared to 160 units with Deg-U200 and 300 units

with Reg-U500 [5,7].

Additionally, delivering larger doses can be more difficult

particularly for people with impaired dexterity, may require

an extended thumb reach [23] or additional/continued force

to inject the full dose [19,23]. Furthermore, when administer-

ing insulin, people must ensure they are holding the needle

under the skin to allow sufficient time to deliver the full dose,

which can be increasingly difficult when attempting to inject

large doses. Using concentrated insulins in new pen devices

reduced the injection force needed as compared to a similar

U-100 prefilled pen device [13]. Because the volume is reduced

by half in case of switching from U-100 to U-200, the throw of

the plunger is likewise reduced by the same magnitude for

any given dose of insulin. People with diabetes expressed

preference for the use of a U-200 concentrated insulin pen

compared to a U-100 insulin pen because of an improved

injection experience related to reduced injection volume

and reduced injection force of the pen [24].

2.6. Insulin pump enhancements

Commercially available insulin pumps are not currently cali-

brated for use with concentrated insulins and none are

approved for use in continuous subcutaneous insulin infu-
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sion (CSII). Several retrospective studies have reported the use

of pumps in people requiring large doses of insulin [25–27].

In a pilot study, Lispro-U200 administered by CSII

improved duration of euglycaemia with a trend towards

improved postprandial glucose control; patient satisfaction

improved with Lispro-U200 versus Reg-U500 by CSII [28].

Potential advantages with using concentrated insulins in

pumps include (i) higher maximum bolus; (ii) higher maxi-

mum basal rate; (iii) less frequent infusion set change/reser-

voir refills; and (iv) improved acceptability of insulin pumps

in obese or severely insulin-resistant individuals with Type 2

diabetes mellitus requiring high insulin doses [28]. The avail-

ability of concentrated insulins could lead to development of

more compact pumps with smaller reservoirs [29]. However,

current insulin pumps use U-100 insulin; therefore, use of

more concentrated insulin is off-label. Patients would have

to convert insulin doses themselves, which presents a poten-

tially dangerous source of error.

3. Insulin pharmacokinetics and
pharmacodynamics

3.1. Pharmacokinetic/pharmacodynamic relationship

Assessment of the pharmacokinetic (PK) and pharmacody-

namics (PD) properties of a drug formulation is critical to

understanding its time-action profile and the drug’s benefits

[30]. PK parameters determine the concentration of drug

and metabolites that are achieved in blood, plasma, or other

tissues, whereas PD parameters examine how a drug affects

the body. In general, the extent of a drug’s PD interactions

within an individual is affected by drug PK parameters, such

as absorption, distribution, metabolism, excretion and, fre-

quently, drug concentration. However, the relationship

between PK and PD is less direct with insulins that exert phar-

macologic effects through binding to cell surface receptors

[31]. In patients with diabetes, altered insulin sensitivity can

result in altered PD activity for the same PK concentration

in different individuals.

3.2. Clamp technique allowing study of pharmacokinetic/
pharmacodynamic properties

Both PK and PD properties of insulin preparations can

be examined simultaneously using the euglycaemic

clamp technique, which allows characterisation of the

concentration-time and action-time profiles of any insulin

product. During a glucose clamp, a specific dose of insulin

is administered and the decrease in the blood-glucose con-

centration in response to the injected insulin is prevented

by an intravenous glucose infusion [32]. The glucose infu-

sion rate (GIR) needed to maintain steady euglycaemic val-

ues reflect the blood-glucose–lowering effect of the applied

insulin. The representation of the measured GIRs over time

describes the time-action profiles of the insulin products.

During the study, insulin plasma levels can be measured

and used to determine the PK profile. Repetitive clamp

studies can be used to evaluate variability in PK/PD param-

eters [32,33].
3.3. Factors including dose and concentration can affect
pharmacokinetic/pharmacodynamic characteristics

In a vial or pen, insulin exists primarily in hexameric forms

which are stable [22]. The percent of insulin hexamers is

affected by concentration (higher concentration favours hex-

amerisation), excipients such as zinc, and the structure of the

insulin. Insulin has to dissociate into dimers or monomers

before it can be absorbed into the capillaries [22,33,34]. At

the interface between the surface of the insulin depot and

the interstitium, there is a drop in insulin concentration

which, coupled with the diffusion of excipients, favours dis-

sociation into monomers and dimers.

The volume of the insulin depot (proportionate to insulin

amount) increases as a cube while the surface area (repre-

senting the diffusion area) increases as a square [22]. As

demonstrated in Fig. 1, a larger dose or higher concentration

of insulin results in a reduction of the diffusion area to the

amount of insulin to be absorbed, which usually leads to a

right shift in the time-action of the insulin (delayed and lower

peak, longer duration). That is, because of the smaller surface

area concentrated insulins take longer to diffuse into tissues

and reach capillaries to get absorbed.

Subcutaneous administration of increasing human insulin

concentrations results in slower absorption and appearance

of insulin in the plasma. The higher the insulin concentration

is, the slower its diffusion into tissues will be, resulting in a

more prolonged insulin absorption time and effect [35]. Simi-

larly, because of the larger surface area per insulin molecule,

a smaller dose of the same insulin concentration will be

absorbed faster than a larger one [36]; thus, larger insulin

doses lead to a right shift in the PK/PD profile which has been

demonstrated in various populations (Type 1 diabetes melli-

tus [37]; Type 2 diabetes mellitus, obese [38] and healthy par-

ticipants [39]).

3.4. Bioequivalence

Bioequivalence is a PK term describing formulations with the

same active ingredient and similar patterns of absorption into

the bloodstream; equivalent release of bioequivalent formula-

tions should result in equivalent rate and magnitude of drug

absorption [40].

To demonstrate bioequivalence, clinical studies usually

examine each drug’s plasma concentration-time curve,

assessing the rate and extent of absorption. Bioequivalent

drugs must meet predetermined limits on PK parameters,

mostly the total area under the time-concentration curve

(AUC, which reflects the extent of exposure) and the maxi-

mum plasma concentration (Cmax, or peak exposure) [40].

For insulins, glucose clamp data for the demonstration of

PD bioequivalence (i.e., similar total GIR-AUC and maximum

glucose infusion rate [GIRmax]) have also to be provided.

3.4.1. Concentrated insulins that are not bioequivalent
Generally, higher insulin concentrations decrease the

volume/surface-ratio and therefore are absorbed more slowly

[22]. This causes a ‘‘right-shift” (lower Cmax, longer time to

reach maximum plasma concentration [tmax], and duration



Fig. 1 – Change in concentration alters the surface area/absorption interface when concentrating insulina. aEach dot within a

sphere represents 1 unit of insulin. bHood. Diabetes Technol Ther 2017; 19(4): 203–5. Units, mmol; r, radius; A, surface area

(4pr2); DA/mmol, ratio of diffusion (surface) area to mmol insulin to be absorbedb; DA, diffusion area; 1 unit insulin = 6.0 nmol;

Radius Calculations: [volume = 4/3pr3, 10 units=(1.33)(3.14)xR3, R3 = 2.389; R = 1.34; 50 units = R3 = 11.945; R = 2.29].
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of action and, sometimes lower AUC). Indeed, the 5-fold con-

centration of Reg-U500 results in a right shift of its PK/PD pro-

file compared to Reg-U100 [14]. Although the AUCs (overall

exposure) for Reg-U100 and Reg-U500 were similar, the 2 for-

mulations were not bioequivalent because Cmax was substan-

tially lower with Reg-U500. A delay in PK (serum insulin tmax)

and PD (t-GIRmax) between Reg-U500 and Reg-U100 was

observed at the 100-unit dose and perhaps the 50-unit dose.

At the 100-unit dose, both Reg-U100 and Reg-U500 had a

mean onset of action within 15 min, and the mean end of

action (tRlast) occurred later for U-500 at the 50-unit (19.7 ver-

sus 18.3 h) and 100-unit doses (21.5 versus 18.3 h). Single-dose

euglycaemic clamp studies conducted in healthy obese and

normal-weight subjects, and normal-weight patients with

Type 1 diabetes mellitus were used to simulate the PK/PD

activity profile of Reg-U500 insulin administered 1-, 2-, or 3-

times daily at the same daily dose of approximately 500 units

[41]. For all dosing regimens, steady-state PK seemed to be

reached rapidly 24 h after the initial dose.

In clinical studies, Glar-U300 is a longer acting insulin for-

mulation than Glar-U100 and achieves similar glycated hae-

moglobin (HbA1c) reduction with less hypoglycaemic risk

(mostly for nocturnal hypoglycaemia) in people with Type 2

diabetes mellitus who have been prescribed larger insulin

doses [42]. The comparison of Glar-U300 and Glar-U100 in a

randomised, double-blind, crossover euglycaemic clamp

study conducted over a 36-hour period in people with Type

1 diabetes mellitus did not demonstrate bioequivalence, for

either PK or PD parameters [43]. Particularly, with the right

shift of the Glar-U300 concentration curve (later time to 50%

AUC for serum insulin and GIR time curves over 0 to 36 h),

the AUC was smaller in the first 24 h at least partially due

to the right shift with a greater AUC from 24 to 36 h and there

was a lower Cmax/GIRmax with Glar-U300. Glar-U300 main-

tained blood glucose control of �105 mg/dL approximately

5 h longer (30-hour median) than Glar-U100. Thus, Glar-U300
provides a more even PK and PD profile and a longer duration

of action than Glar-U100.

3.4.2. Concentrated insulins that are bioequivalent
The concentrated versions of insulins degludec and lispro

were formulated to counteract the right shift described above.

In a double-blind, crossover, randomised, 26-hour eugly-

caemic clamp study, the PK/PD properties of Deg-U100 and

Deg-U200 were compared under steady-state conditions in

people with Type 1 diabetes mellitus. Post hoc analysis

demonstrated that Deg-U100 and Deg-U200 were bioequiva-

lent with comparable glucose-lowering effects at steady-

state; other PK/PD parameters tested were also similar [44].

Degludec is a second-generation acylated basal insulin

analogue forming long chains of hexamers [45]. Hexamer dis-

solution only occurs at the end of each chain, yielding a smal-

ler dissolution area than the surface area of the depot itself.

Thus, the ratio of the diffusion area to the number of insulin

molecules has less effect on PK/PD [22]. Additionally, the

duration of action is further extended by the acylated moiety

via reversible binding to albumin in the vascular and intersti-

tial compartments, unrelated to the depot itself [22]. The

properties and clinical activity of degludec have been previ-

ously reviewed [33,45].

A phase 1, single-centre, open-label, 2-sequence, 4-period,

randomised, crossover, 8-hour euglycaemic clamp, bioequiva-

lence study compared the PK and PD of Lispro-U100 and

Lispro- U200 after subcutaneous administration of 20 units

to healthy participants [46]. Comparison of the PK parameters

(AUC and Cmax) and PD parameters (GIR-AUC and GIRmax) for

Lispro-U200 versus Lispro-U100 confirmed both formulations

are bioequivalent. Median differences for PD time variables

were less than 6 min and all 95% CIs encompassed zero [46].

One reason why Lispro-U200 does not have an altered

PK/PD profile relative to Lispro- U100 may be, partially, due

to the B-chain alteration in the amino acid sequence of both



Table 2 – Summary of potential benefits of concentrated
insulins.

- Decreased injection volume
- Decreased number of injections
- Decreased pain at injection site
- Less frequent pen changes
- Ability to deliver larger doses
- Greater ease in delivering larger doses
- Insulin pump enhancements (higher maximum
basal rates, larger maximum boluses, less frequent
reservoir fills, and possibly smaller devices in the future)

- Altered pharmacokinetics/pharmacodynamics
(protracted duration of action)

- Improved adherence
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Lispro-U200 and Lispro-U100. The switch of lysine and proline

leads to a strong destabilisation of hexamer formation [22].

Because a greater proportion of insulin in the depot is already

in monomeric and dimeric forms, this results in a more rapid

absorption. The dose-related right shift in the PK/PD of

Lispro-U200 is less pronounced than that of Reg-U100, which

suggests that the ratio of the diffusion area to the number of

insulin molecules has less effect [22]. Other reasons for the

shift towards hexamers include a change in zinc content

and a change in buffering agent from phosphate to trometa-

mol [46].

4. Improved adherence

Investigators have hypothesised that the challenges experi-

enced by individuals who administer high doses of insulin

could be reduced with concentrated insulins [29,47]. Concen-

trated insulins offer the possibility of improved adherence by

reducing the number of daily insulin injections and leading to

less difficulty in delivering larger doses, less discomfort at the

injection site, and less frequent pen changes. No controlled

studies have been conducted directly comparing adherence

of people with diabetes taking large insulin volumes in a sin-

gle injection to people taking additional injections needed to

split the dose when a predetermined volume is exceeded.

However, some data suggest that adherence may be improved

using concentrated insulins. In an observational records-

based study of 1099 people with Type 2 diabetes mellitus tak-

ing insulin, there was an inverse linear relationship between

adherence and the number of injections prescribed [48]. Peo-

ple requiring only 1 injection per day compared to those

requiring 4 injections per day had significantly greater adher-

ence (78.3% ± 17.8 versus 60.8% ± 21.7 [P < 0.0001], respec-

tively). Therefore, frequency of injections was associated

with adherence [48].

Significantly improved adherence was demonstrated in a

retrospective analysis of a large US healthcare claims data-

base in people with Type 1 diabetes mellitus or Type 2 dia-

betes mellitus receiving Reg-U500 insulin as compared to

those receiving higher doses (�150 units/day) of Reg-U100

insulin [18,49]. Kabul et al. [18] reported on an analysis of a

prospective randomised clinical trial of severely insulin-

resistant people with Type 2 diabetes mellitus who switched

from high-dose, high-volume U-100 insulin requiring multi-

ple daily injections (median 5, range 2–10) to 2- or 3-times

daily U-500. According to responses on the Treatment-

related Impact Measure-Diabetes (TRIM-D) questionnaire,

participants taking 2-times daily dosing reported better

improvements in overall and treatment burden, daily life,

and compliance domains than those on 3-times daily Reg-

U500 dosing. This further supports the contention that reduc-

ing the number of injections improves adherence and disease

burden.

Furthermore, in a recent cross-sectional study by Van

Brunt et al. [21], people with diabetes on prandial insulin were

surveyed about insulin wastage and injection habits when

insufficient insulin remained in a disposable prefilled

pen/cartridge to administer a full dose in a single injection.

Overall, 63.5% of participants split the dose across 2 prefilled
pens/cartridges (administered 2 injections to obtain a full

dose), 15.0% used what remained in their current pen (under-

dosed), and 36.3% discarded prefilled pens/cartridges still

containing insulin (wasted). Additional injections and

increasing complexity of insulin regimens can result in

poorer acceptance and adherence. Thus, if people change

pens less often (because there are more units in the pen),

these circumstances may occur less frequently.

5. Current concentrated insulins: Practicalities

There are 4 currently available concentrated insulins. These

are listed in Table 1, and a summary of the potential benefits

of concentrated insulins is listed in Table 2. Practicalities of

the use of the 4 concentrated insulins are summarised below.

5.1. Insulin glargine U-300

Glar-U300 is basal insulin approved in the United States and

Europe [6,50]. At 300 units/mL, it is 3-fold concentrated com-

pared to Glar-U100 [51], and is distributed as a pen (SoloStar)

that dispenses doses in 1-unit increments [6]. The FDA

recently approved a Glar-U300 pen (Max SoloStar) which con-

tains 900 units of insulin and can dose up to 160 units at a

time in doses of 2-unit increments (Table 1) [6].

Compared to Glar-U100 (which contains 300 units) [51],

each pen of Glar-U300 contains either 450 units or 900 units

[6]. The volume of each injection is a third smaller; however,

the maximum single-injection dose is unchanged at 80 units

for SoloStar but is increased to 160 units for Max SoloStar

[6,51]. Both Glar-U300 preparations are stable at room temper-

ature (when in use) for 42 days; therefore, the pen’s contents

will be used within this time frame if �11 units daily (SoloS-

tar) and �20 units daily (Max SoloStar) are prescribed [6,51].

5.2. Human regular U-500 insulin

Reg-U500 comes in a 20-mL vial containing 10,000 units,

which can be administered in doses up to 250 units using a

dedicated 0.5-cc Reg-U500 syringe or with a pen that contains

1500 units and can dose up to 300 units at a time [5]. Both

delivery systems dose in 5-unit increments. Once in use, the

insulin in the pen is stable at room temperature for 28 days
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and in the vial for 40 days. At least 250 units of insulin need to

be prescribed daily to use the entire vial during this time

frame. About 54 units of insulin are required to be used daily

to empty the pen before its contents expire.

Reg-U500 may be able to be used without basal insulin [14]

when used in high doses. A randomised prospective trial con-

verting people on high-dose Reg-U100 regimens (range: 201–

600 units daily; mean: 287.5 units/day; 70% basal/bolus ther-

apy; median: 5 injections daily) to Reg-U500 administered

either 2- or 3-times daily before meals demonstrated the util-

ity of this preparation as insulin monotherapy and gives clin-

icians a framework for transition and titration of this insulin

[12]. Adherence may improve after transition from Reg-U100

to Reg-U500 [41].

5.3. Insulin degludec U-200

Deg-U200 is available in 3-mL (total 600 units compared with

300 units for Deg-U100) disposable, prefilled pens and delivers

up to 160 units per injection (compared to 80 units for Deg-

U100) but has 2-unit increments (compared to 1-unit incre-

ments for Deg-U100) [7]. Because both insulins are bioequiva-

lent [44], there is no need for dose conversion between Deg-

U200 and Deg-U100 [7]. Deg-U200 is stable for 56 days at room

temperature [7]; therefore, the advantage of less frequent pen

changes can be realised in people taking as little as 11 units

daily [7].

5.4. Insulin lispro U-200

Lispro-U200 is a concentrated prandial insulin analogue

approved by the US Food and Drug Administration and the

European Medicines Agency [8,52]. Lispro-U200 is available

in 3-mL (total 600 units versus 300 units for Lispro-U100) dis-

posable, prefilled pens and delivers up to 60 units per injec-

tion (same as lispro-U100) in 1-unit increments [8]. Lispro-

U200 provides the same-unit dose in half the injection vol-

ume compared to Lispro-U100. Lispro-U200 is stable at room

temperature for 28 days [8]; therefore, less frequent pen

changes with less waste are seen, with doses as small as 21

units daily [8].

The pen provided for Lispro-U200 was found to be pre-

ferred over the pen used for Lispro-U100. Reasons for this

preference included more units per pen (pen changes are half

as frequent), reduced injection force, and a 50% reduction in

injection volume [13,24].
6. Conclusions

Clinicians should recognise that the characteristics of con-

centrated insulins vary (i.e., different units in different

devices, nonbioequivalent and bioequivalent), which should

be understood when making treatment decisions. Potential

benefits of concentrated insulins include reduced injection

volume (allowing larger doses to be given); fewer injections;

improved experience with injections (i.e., reduced injection

pain, less wastage on pens, reduced glide pressure, less
frequent pen changes); and alterations in PK and PD charac-

teristics (protracted duration of action) (Table 2). Therefore,

concentrated insulin is not just for the obese or insulin-

resistant person with diabetes. In the case of Reg-U500, the

ability to provide both prandial and basal actions with a single

preparation [5] is also a potential benefit. There is evidence to

suggest that these differences may improve adherence and/or

diabetes-specific, patient-reported outcomes [18,49].

Although not currently approved, use of concentrated insulin

in insulin pumps allows for higher basal rates and boluses in

people with insulin resistance as well as less frequent reser-

voir fills. Future benefits may include decreasing the size of

insulin delivery devices such as pens and pumps.
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Torsten H, et al. Evaluation of dexterity in insulin-treated
patients with type 1 and type 2 diabetes mellitus. J Diabetes
Sci Technol 2011;5(1):158–65.

[24] Wang T, Conrad KA, van Brunt K, Rees TM. Attributes
influencing insulin pen preference among caregivers and
patients with diabetes who require greater than 20 units of
mealtime insulin. J Diabetes Sci Technol 2016;10(4):923–31.

[25] Bulchandani DG, Konrady T, Hamburg MS. Clinical efficacy
and patient satisfaction with U-500 insulin pump therapy
in patients with type 2 diabetes. Endocr Pract 2007;13
(7):721–5.

[26] Lane WS, Cochran EK, Jackson JA, Scism-Bacon JL, Corey IB,
Hirsch IB, et al. High-dose insulin therapy: is it time for U-500
insulin? Endocr Pract 2009;15(1):71–9.

[27] Lane WS,Weinrib SL, Rappaport JM, Hale CB, Farmer LK, Lane
RS. The effect of long-term use of U-500 insulin via
continuous subcutaneous infusion on durability of glycemic
control and weight in obese, insulin-resistant patients with
type 2 diabetes. Endocr Pract 2013;19(2):196–201.

[28] Lane W, Weinrib S, Pendleton E, Lane B. U200 lispro improves
glucose control compared to U500 regular insulin in
continuous subcutaneous insulin infusion (CSII) in patients
with diabetes with high insulin requirements [abstract 1308].
Poster presentation at the American Association of Clinical
Endocrinologists (AACE), May 3-7, 2016. Austin, Texas.
Available at https://www.aace.com/files/late-breaking-
abstracts-2016.pdf. [accessed 22 June 2018].

[29] Segal AR, El Sayed N. Are you ready for more insulin
concentrations? J Diabetes Sci Technol 2015;9(2):331–8.

http://refhub.elsevier.com/S0168-8227(18)31430-X/h0005
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0005
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0005
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0005
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0010
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0010
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0010
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0010
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0015
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0015
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0015
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0015
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0020
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0020
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0020
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0020
http://uspl.lilly.com/humulinru500/humulinru500.html#pi
http://uspl.lilly.com/humulinru500/humulinru500.html#pi
http://products.sanofi.us/toujeo/toujeo.pdf
http://products.sanofi.us/toujeo/toujeo.pdf
http://www.novo-pi.com/tresiba.pdf
http://pi.lilly.com/us/humalog-pen-pi.pdf
http://pi.lilly.com/us/humalog-pen-pi.pdf
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0045
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0045
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0045
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0045
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0045
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0045
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0050
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0050
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0050
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0055
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0055
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0055
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0055
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0060
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0060
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0060
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0060
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0060
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0060
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0065
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0065
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0065
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0070
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0070
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0070
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0070
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0070
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0075
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0075
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0075
http://fit4diabetes.com/files/5314/2071/1987/FIT_Recommendations_Page_View_En.pdf
http://fit4diabetes.com/files/5314/2071/1987/FIT_Recommendations_Page_View_En.pdf
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0085
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0085
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0085
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0085
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0090
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0090
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0090
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0090
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0090
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0090
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0095
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0095
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0095
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0095
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0100
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0100
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0100
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0100
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0100
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0105
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0105
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0105
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0105
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0105
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0110
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0110
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0110
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0115
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0115
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0115
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0115
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0120
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0120
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0120
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0120
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0125
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0125
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0125
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0125
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0130
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0130
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0130
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0135
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0135
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0135
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0135
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0135
https://www.aace.com/files/late-breaking-abstracts-2016.pdf
https://www.aace.com/files/late-breaking-abstracts-2016.pdf
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0145
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0145


d i a b e t e s r e s e a r c h a n d c l i n i c a l p r a c t i c e 1 4 8 ( 2 0 1 9 ) 9 3 –1 0 1 101
[30] Tozer TN, Rowland M. Chapter 1: Opening comments. In:
Klingler A, editor. Introduction to pharmacokinetics and
pharmacodynamics. The quantitative basis of drug
therapy. Baltimore: Lippincott Williams & Wilkins; 2006. p. 2–3.
https://books.google.com/books?hl=en&lr=&id=DO-7q2Vzz-
AC&oi=fnd&pg=PR7&dq=introduction+to+ pharmacokinetics
+and+ pharmacodynamics+the+quantitative&ots=
k2nJBOrM1n&sig=iapm9sla9Rs3Rtx1LXER8kKkg1I#v=onepage&
q= introduction%20to%20pharmacokinetics%20and%
20pharmacodynamics% 20the%20quantitative&f=false
Accessed 10 August 2018.

[31] Arnolds S, Kuglin B, Kapitza C, Heise T. How pharmacokinetic
and pharmacodynamic principles pave the way for optimal
basal insulin therapy in type 2 diabetes. Int J Clin Pract
2010;64(10):1415–24.

[32] Heinemann L, Anderson JH. Measurement of insulin
absorption and insulin action. Diabetes Technol Ther 2004;6
(5):698–718.

[33] Heise T, Mathieu C. Impact of the mode of protraction of
basal insulin therapies on their pharmacokinetic and
pharmacodynamic properties and resulting clinical
outcomes. Diabetes Obes Metab 2017;19(1):3–12.

[34] Søeborg T, Rasmussen CH, Mosekilde E, Colding-Jørgensen M.
Bioavailability and variability of biphasic insulin mixtures.
Eur J Pharm Sci 2012;46(4):198–208.

[35] Heinemann L, Chantelau EA, Starke AA. Pharmacokinetics
and pharmacodynamics of subcutaneously administered
U40 and U100 formulations of regular human insulin.
Diabetes Metab 1992;18(1):21–4.

[36] Søeborg T, Rasmussen CH, Mosekilde E, Colding-Jørgensen M.
Absorption kinetics of insulin after subcutaneous
administration. Eur J Pharm Sci 2009;36(1):78–90.

[37] Plank J, Bodenlenz M, Sinner F, Magnes C, Görzer E, Regittnig
W, et al. A double-blind, randomized, dose-response study
investigating the pharmacodynamic and pharmacokinetic
properties of the long-acting insulin analog detemir. Diabetes
Care 2005;28(5):1107–12.

[38] Gagnon-Auger M, du Souich P, Baillargeon JP, Martin E,
Brassard P, Ménard J, et al. Dose-dependent delay of the
hypoglycemic effect of short-acting insulin analogs in obese
subjects with type 2 diabetes: a pharmacokinetic and
pharmacodynamic study. Diabetes Care 2010;33(12):2502–7.

[39] Nosek L, Roggen K, Heinemann L, Gottschalk C, Kaiser M,
Arnolds S, et al. Insulin aspart has a shorter duration of
action than human insulin over a wide dose-range. Diabetes
Obes Metab 2013;15(1):77–83.

[40] European medicines agency committee for medicinal
products for human use (CHMP). Guideline on the
investigation of bioequivalence. London: European Medicines
Agency; 2010 [Internet]. http://www.ema.europa.eu/docs/en_
GB/document_library/Scientific_guideline/2010/01/
WC500070039.pdf; 2010 [accessed 26 March 2018].

[41] de la Peña A, Ma X, Reddy S, Ovalle F, Bergenstal RM, Jackson
JA. Application of PK/PD modeling and simulation to dosing
regimen optimization of high-dose human regular U-500
insulin. J Diabetes Sci Technol 2014;8(4):821–9.

[42] Ritzel R, Roussel R, Bolli GB, Vinet L, Brulle-Wohlhueter C,
Glezer S, et al. Patient-level meta-analysis of the EDITION 1, 2
and 3 studies: glycaemic control and hypoglycaemia with
new insulin glargine 300 U/mL versus glargine 100 U/mL in
people with type 2 diabetes. Diabetes Obes Metab 2015;17
(9):859–67.

[43] Becker RHA, 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):637–43.

[44] Korsatko S, Deller S, Koehler G, Mader JK, Neubauer K, Adrian
CL, et al. A comparison of the steady-state pharmacokinetic
and pharmacodynamic profiles of 100 and 200 U/mL
formulations of ultra-long-acting insulin degludec. Clin Drug
Investig 2013;33(7):515–21.

[45] Haahr H, Heise T. A review of the pharmacological properties
of insulin degludec and their clinical relevance. Clin
Pharmacokinet 2014;53(9):787–800.

[46] de la Peña A, Seger M, Soon D, Scott AJ, Reddy SR, Dobbins
MA, et al. Bioequivalence and comparative
pharmacodynamics of insulin lispro 200 U/mL relative to
insulin lispro (Humalog) 100 U/mL. Clin Pharmacol Drug Dev
2016;5(1):69–75.

[47] Garg R, Johnston V, McNally PG, Davies MJ, Lawrence IG. U-
500 insulin: why, when and how to use in clinical practice.
Diabetes Metab Res Rev 2007;23(4):265–8.

[48] Donnelly LA, Morris AD, Evans JM. DARTS/MEMO
collaboration. Adherence to insulin and its association with
glycaemic control in patients with type 2 diabetes. QJM
2007;100(6):345–50.

[49] Eby EL, Zagar AJ, Wang P, Curtis BH, Xie J, Haldane DC, et al.
Healthcare costs and adherence with human regular U-500
versus high-dose U-100 insulin in patients with diabetes.
Endocr Pract 2014;20(7):663–70.

[50] European Medicines Agency. Toujeo 300 units/ml solution for
injection in a pre-filled pen. Annex I. Summary of product
characteristics. Sanofi-Aventis Deutschland; 2009; 2018
[Internet] http://www.ema.europa.eu/docs/en_
GB/document_library/EPAR_-_Product_Information/human/
000309/WC500047935.pdf [accessed 25 June 2018].

[51] LANTUS� (insulin glargine injection) solution for
subcutaneous injection [prescribing information].
Bridgewater: Sanofi-Aventis U.S. LLC; 2000, 2015. [Internet]
http://products.sanofi.us/lantus/lantus.html [accessed 12 Jun
2018].

[52] European Medicines Agency. HUMALOG 100 units/ml (insulin
lispro), solution for injection in vial Annex I. Summary of
product characteristics. Eli Lilly Nederland B.V.; 2009; 2017
[Internet] http://www.ema.europa.eu/docs/en_
GB/document_library/EPAR_-_Product_Information/human/
000088/WC500050332.pdf. [accessed 29 August 2018].

http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0150
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0155
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0155
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0155
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0155
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0160
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0160
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0160
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0165
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0165
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0165
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0165
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0170
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0170
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0170
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0175
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0175
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0175
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0175
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0180
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0180
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0180
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0185
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0185
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0185
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0185
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0185
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0190
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0190
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0190
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0190
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0190
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0195
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0195
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0195
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0195
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/01/WC500070039.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/01/WC500070039.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/Scientific_guideline/2010/01/WC500070039.pdf
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0205
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0205
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0205
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0205
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0210
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0210
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0210
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0210
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0210
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0210
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0215
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0215
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0215
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0215
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0215
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0215
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0215
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0215
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0215
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0220
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0220
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0220
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0220
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0220
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0225
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0225
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0225
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0230
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0230
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0230
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0230
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0230
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0235
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0235
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0235
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0240
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0240
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0240
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0240
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0245
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0245
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0245
http://refhub.elsevier.com/S0168-8227(18)31430-X/h0245
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000309/WC500047935.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000309/WC500047935.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000309/WC500047935.pdf
http://products.sanofi.us/lantus/lantus.html
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000088/WC500050332.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000088/WC500050332.pdf
http://www.ema.europa.eu/docs/en_GB/document_library/EPAR_-_Product_Information/human/000088/WC500050332.pdf

	Concentrated insulins in current clinical practice
	1 Introduction
	2 Potential benefits of using concentrated insulins
	2.1 Decreased volume
	2.2 Decreased number of injections
	2.3 Decreased pain
	2.4 Less frequent pen changes
	2.5 Easier delivery of larger doses
	2.6 Insulin pump enhancements

	3 Insulin pharmacokinetics and pharmacodynamics
	3.1 Pharmacokinetic/pharmacodynamic relationship
	3.2 Clamp technique allowing study of pharmacokinetic/pharmacodynamic properties
	3.3 Factors including dose and concentration can affect pharmacokinetic/pharmacodynamic characteristics
	3.4 Bioequivalence
	3.4.1 Concentrated insulins that are not bioequivalent
	3.4.2 Concentrated insulins that are bioequivalent


	4 Improved adherence
	5 Current concentrated insulins: Practicalities
	5.1 Insulin glargine U-300
	5.2 Human regular U-500 insulin
	5.3 Insulin degludec U-200
	5.4 Insulin lispro U-200

	6 Conclusions
	ack24
	Acknowledgements
	Funding source
	Competing interests
	Contributors
	References


