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Commentary

Introduction

Lipohypertrophy (LH) is characterized by increased size 
and proliferation of adipose tissue in the subcutaneous (SC) 
space related to injections or infusions of insulin. Various 
techniques have been used to diagnose LH, including visual 
inspection, palpation, and ultrasound. Despite existing 
knowledge of the adverse consequences of LH on achieved 
glycemic outcomes, it remains a common complication of 
insulin therapy and poses a significant burden on people 
with diabetes (PWDs) and health care systems.

For several decades, lipoatrophy (LA) was the predomi-
nant problem associated with the use of older animal insu-
lins that contained impurities and provoked antibodies.1 
However, after the introduction of purified human insulins 
in the 1980s, LH became the most common form of abnor-
mality at injection sites.2 Human insulin was even used to 
inject around areas of LA to try to restore the absent SC fat. 
Lipodystrophy in the form of SC lumpiness, often with 
associated discomfort at injection sites and which resem-
bled neither LA nor LH, was also commonly observed 
before the 1980s.3
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Many patients deliberately use areas of LH for insulin 
administration because the injections are not as painful. 
However, this perpetuates the problem, and these fatty areas 
were occasionally misdiagnosed as lipomas, sometimes even 
resulting in their surgical removal. Although LA was uncom-
mon after the introduction of human insulin, it still did occur 
with these highly purified insulins as has been described in a 
few case reports.4

Skin Complications of Diabetes

•• Skin complications are common in PWDs but are 
often neglected.

•• Despite the high prevalence of LH in PWDs using 
insulin, there is a lack of awareness of this condition.

•• Lipohypertrophy areas are not advised for insulin 
pump placement because they interfere with ideal glu-
cose management.

Three common types of localized skin complications associ-
ated with diabetes include (1) trauma or infection as a side 
effect of the use of continuous subcutaneous insulin infusion 
(CSII) sets, (2) allergy or irritation due to prolonged contact 
with skin adherence material for diabetes devices, and (3) 
lipodystrophy in insulin-treated individuals (Figure 1). In a 
2017 survey examining self-reported skin complications 
associated with CSII and continuous glucose monitors 
(CGMs) in children and adults with diabetes, eczema and 
wounds were the most commonly reported complications.7,8 
Several risk factors were determined for developing skin 

complications. Longer duration of use of insulin infusion sets 
and use of CGMs is related to a greater risk of developing 
skin complications, with most skin complications appearing 
after four to six months of use of these devices.7 About 51% 
of individuals with existing skin complications at baseline 
continued to suffer from skin complications, while 12% 
developed new onset of skin complications at six months 
follow-up.7 The survey also found that individuals with skin 
complications at baseline were 13 times more likely to con-
tinue exhibiting skin complications in the future.7

Lipohypertrophy is a vastly under-recognized condition in 
PWDs. In the self-reported survey conducted by Berg et al,7,8 
less than 5% of pediatric individuals with type 1 diabetes 
(T1D) reported any level of LH. However, when a separate 
cohort of children and young adults with T1D were evaluated 
for LH during outpatient clinical visits, 48% were diagnosed 
with LH.9 The disparity between the prevalence of perceived 
LH and clinically diagnosed LH demonstrates a lack of aware-
ness and different diagnostic methods used by health care pro-
fessionals (HCPs). Using visual inspection and palpation, the 
method most often used by the majority of HCPs, 37% to 64% 
of individuals screened appear to have LH10-20 with some vari-
ation in how systematically the inspection is performed.2,21 
Ultrasound is a useful tool in LH detection because of its abil-
ity to reveal structural changes in deeper levels of SC tissue 
before there are any visual changes on the surface.20,22-24

Besides the duration of device use, several other poten-
tial risk factors for LH have emerged. The number of injec-
tions per day, reuse of needles, and lack of site rotation 
correlate with an increased prevalence of LH, and some 
reports have described more LH in pen users than pump 

Figure 1.  Common factors associated with localized skin complications in people with diabetes using insulin infusion sets or continuous 
glucose monitors.
Source: Major findings for each category are referenced from the works of Schober et al,5 Herman et al,6 and Gentile et al.2
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Figure 2.  Common risk factors of lipohypertrophy.30

users.9,17,25 However, the latter needs additional follow-up 
studies in individuals wearing pumps for a prolonged period 
since LH develops over time, and little is known about time 
to disappearance and factors necessary for the healing of the 
SC tissue. The types of infusion sets are also thought to 
influence the risk for LH. Novel seven-day infusion sets 
may lead to fewer cases of LH, but studies are underway to 
quantify this hypothesis.26,27 Additives in different types of 
insulin may also have some influence because of the intro-
duction of foreign bodies that can activate the immune sys-
tem. Insulin delivery via jet injectors has been speculated to 
decrease LH risk. However, the use of this type of instru-
ment has not been widely adopted, and few studies exam-
ined its effect on LH risk.28

Diagnosis and Pathology of 
Lipohypertrophy

•• Lipohypertrophy due to incorrect injection technique 
is commonplace and frequently not recognized by 
HCPs.

•• Histology shows that areas with insulin-induced LH 
contain a significantly larger number of macro-adipo-
cytes and fibrosis.

•• Implementing affordable and structured clinical diag-
nostic paths is necessary to identify LH in routine dia-
betes care.

In 2022, there were approximately 537 million adults with 
diabetes, with around 200 million requiring insulin treat-
ment, according to the International Diabetes Federation. 
Almost half of insulin users have been found to have LH,13,29 
suggesting that around 90 million PWDs are affected by LH. 
As mentioned earlier, common risk factors for the develop-
ment of LH are failure to rotate injection sites, concentrating 
injections in a small area, and needle reuse. Additional fac-
tors include injection of cold insulin, a high number of injec-
tions per day, large injection volumes, and using long and 
thick needles. A list of common risk factors for LH is pre-
sented in Figure 2. Clinical problems associated with LH 
include glycemic variability, unpredictable and severe hypo-
glycemia, high hemoglobin A1c levels, increased health care 
costs due to greater insulin requirements, and a negative 
effect on the quality of life. In addition, there appears to be 
an association between the presence of LH and the risk of 
micro- and macrovascular complications; the explanation for 
this association may be that both abnormalities are associ-
ated with increased glycemic variability.

The presentation of LH can be variable. Schematic rep-
resentations of four common types of LH are shown in 
Figure 3. Lipohypertrophy can be detected through visual 
inspection and palpation. However, a pinching maneuver is 
needed to diagnose less visible types of LH that contain flat 
nodules that are elastic. Deep palpation is also required to 

determine the texture of the suspected LH areas in these 
situations. The pinching maneuver also allows identifica-
tion of the sides and position of a collection of LH even 
when it is not visible to the naked eye. In addition, chang-
ing the positioning of the individual can increase the detect-
ability of less visible LH. Rotation of the body along the 
longitudinal axis also allows the profile of the skin to detect 
the presence of LH. In a study conducted by Gentile et al,21 it 
was shown that the ability to diagnose LH varies greatly 
between trained and untrained HCPs. For areas of LH smaller 
than 4 cm in diameter, trained professionals are 45% more 
likely to correctly detect LH.21 In another study by Gentile 
et  al,29 a survey was conducted to determine how PWDs 
learn about proper insulin injection techniques and site rota-
tion. Only 48% of PWDs reported to have received educa-
tion on site rotation by HCPs.29 These findings indicate that 
HCPs need to be trained in LH detection techniques, and 
they also need to educate PWDs who inject insulin on LH 
prevention to improve outcomes. Health care professionals 
should also follow up with individuals to assess whether the 
amount of LH changes over time by comparing progressive 
lesion improvement with metabolic parameters (e.g., glucose 
time-in-range and variability).

Histology images of LH obtained through scanning elec-
tron microscopy have shown that 75% of the SC tissue is 
composed of macro-adipocytes with a significantly larger 
size than adjacent normal adipocytes.32 This may be 
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Figure 3.  Schematic representations, examples, and descriptions of four common types of lipohypertrophy.
Source: Figure modified from Gentile et al31 under the Creative Commons Attribution—Non-Commercial 4.0 International License (http://creativecommons.org/
licenses/by-nc/4.0/).
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Figure 4.  Ultrasound images of normal tissue and diffuse tissue 
affected by lipohypertrophy. Affected tissues demonstrate blurred 
lines between muscle sheath and subcutaneous tissue layers.

associated with an increase in fibrosis and apoptosis.32 
However, the underlying mechanism for developing these 
characteristics in LH areas remains to be determined.

Many PWDs report not having received education about 
proper insulin injection techniques. For example, in a study 
from Italy, 50% of insulin-injecting PWDs had not been 
referred for education on this topic.29 This is especially true 
for individuals starting insulin during a hospital admission, 
where almost 70% report receiving no education on proper 
insulin injection techniques.29 In another study of adults dis-
charged on insulin from endocrinology units in hospitals, a 
similar proportion (71%) were taught how to inject and pro-
vided with insulin pens during the hospital stay.33 Previous 
data on the durability of education related to injection tech-
niques suggest that the impact wanes within six months.33-35 
As expected, the LH percentage is significantly higher in 
those not receiving specific training.

In conclusion, clinicians may not recognize the burden of 
LH and the value of education to prevent LH among insulin-
treated individuals. People with diabetes would benefit from 
increasing HCP awareness of LH and establishing standard-
ized educational practices for wwinsulin users during hospi-
tal admission.32 The amount of time devoted to diabetes 
education to ensure that PWDs inject insulin correctly is a 
good investment.34

Ultrasound Imaging of Lipohypertrophy

•• Ultrasound assessment of LH is more sensitive than 
palpation in detecting LH.

•• Ultrasound examination of LH shows that insulin-
related tissue changes are more complex than LH 
alone (dermal thickening, inflammatory changes, and 
necrotic tissue).

•• Ultrasound may provide a clinically feasible method 
for detecting LH and may also be useful in mediating 
behavior changes in PWDs because it visualizes the 
tissue changes for them.

Multiple pathways can generate SC tissue changes following 
insulin exposure. These include inflammation and the ana-
bolic effects of insulin on adipocytes, resulting in LH and 
hyperplasia of fat cells. These tissue changes can be detected 
using ultrasound. Continuous glucose monitor or flash glu-
cose monitoring data can also reveal evidence of decreased 
insulin action, which can be a warning sign for individuals 
suffering from LH, LA, or other skin-mediated problems that 
interfere with insulin absorption.17

Ultrasound is about 30% more sensitive in detecting LH 
than palpation.36 However, its clinical utility for widespread 
use outside of a research setting remains unclear. In a study 
conducted by Hashem et al,37 74 individuals with T1D under-
went an ultrasound examination of LH regions with unaf-
fected areas as reference regions. Ultrasound images revealed 
that healthy tissues had clearly defined demarcation lines of 

the muscle sheath, SC tissue, and dermis, whereas 
LH-affected areas were blurred with diffuse borders, which 
had generally increased reflectivity without a defined struc-
ture (Figure 4). These tissue changes are reflected in nearly 
all grades of LH and are consistent with inflammatory 
changes. Using ultrasound, some nodules have a flat profile 
underneath the skin surface and hence would not necessarily 
protrude visibly at the skin surface. The midpoint of the 
depth of these LH nodules correlated with the length of nee-
dles the individuals were using, and there is evidence of left- 
or right-handed distribution. A novel clinical solution 
suggested in the study was alternating different-length nee-
dles to distribute insulin exposure, although this hypothesis 
is untested. Hypoechogenic areas suggestive of necrotic tis-
sue were also observed within the LH nodules in 30% of 
participants.37 In addition, a recent cross-sectional study of 
adolescents and young adults (n = 95) with T1D found that 
participants with LH had significantly higher levels of TNF-
α, which is an inflammatory marker.4

Studies suggest an average of 10 nodules per individual 
affected by LH, widely distributed but mainly located in the 
abdomen and thighs.38 To determine the severity of each LH 
area, a severity indicator based on the size and the number of 
nodules to produce a parameter on potential severity, as shown 
in Figure 5, has been described.37 Increasing severity, as indi-
cated by this model, is associated with increasing size and 
number of LH nodules and increasing amounts of inflamma-
tion, thickening, and loss of differentiation between the dermis 
and SC tissue. The insulin antibody load was also examined in 
individuals with varying severity of LH, and the antibody titer 
was associated with the severity of LH as defined in the model.4
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It is uncertain whether LH tissue will resolve on its own 
without interventions. However, LH certainly leaves an 
archeological footprint in the affected tissue. Emerging tech-
nologies are being developed to clinically integrate ultra-
sound into care.39 The development of portable ultrasound 
scanners connected to a mobile app has increased the acces-
sibility of this technology for individuals affected by LH. 
However, this technology for diagnosing LH is not available 
everywhere. Education and behavioral support combined 
with technological advancement are needed to help individu-
als change their behavior.

Pharmacokinetics and 
Pharmacodynamics of Insulin in the 
Presence of Lipohypertrophy

•• Injection or infusion of insulin in areas containing LH 
can adversely affect insulin pharmacokinetics (PK) 
and pharmacodynamics (PD).

•• Insulin absorption and action are reduced and more 
variable when injected into LH compared with normal 
SC tissue, which increases the amount of insulin 
needed and raises the societal costs of insulin.

•• Lipohypertrophy is associated with a higher risk of 
uncontrolled diabetes, which can lead to more emergency 
room visits, hospitalizations, and absenteeism. Each of 

these consequences of LH carries its own health and eco-
nomic burden on both PWDs and health care systems.

Successful insulin therapy relies on the reproducible absorption 
of insulin from the SC tissue. Many factors are known to impact 
the PK and PD properties of SC insulin, and LH is one of them. 
Injection or infusion of insulin into LH areas can impact insulin 
PK, and insulin is absorbed more slowly than application in 
other areas unaffected by LH. It is, therefore, important to 
avoid infusion of insulin into areas with LH since the unstable 
absorption of insulin from these areas leads to high glucose 
variability and unpredictable hypoglycemic and hyperglyce-
mic events. This advice is challenged by the decreased pain 
sensitivity in LH areas, making site rotation for some pump 
users less attractive. The unpredictable insulin absorption from 
LH areas is likely to also disturb the function of automated 
insulin delivery systems. Therefore, LH poses a significant bar-
rier to PWDs’ desired glucose management. Glucose control in 
individuals with LH is improved when they inject insulin into 
sites without detectable LH. Few systematic and appropriate 
PK studies concerning the impact of LH on the PK of injected 
insulin have been published, and there are a limited number of 
studies about the PK of insulin infused into the SC tissue.

Defective absorption of insulin in palpably abnormal 
injection sites was first examined in a study conducted by 
Young et al40 that demonstrated slower clearance of 125I-insulin 
from injection sites with LH. In another study, Thow et al41 

Figure 5.  Conceptual model used to determine the severity of lipohypertrophy.
Source: Figure reproduced from Hashem et al37 under the Creative Commons Attribution—Non Commercial (CC BY-NC 4.0) license, which permits 
others to distribute, remix, adapt, build upon this work noncommercially, and license their derivative works on different terms, provided the original 
work is properly cited, appropriate credit is given, any changes made indicated, and the use is noncommercial. See http://creativecommons.org/licenses/
by-nc/4.0/.
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discovered a 22% difference between injecting insulin in 
unaffected sites compared with abnormal sites. They also 
found that the thickness of palpably abnormal sites is 
greater than control sites, indicating a difference in mor-
phology in the affected tissues41. Johansson et  al42 also 
highlighted the clinical importance of the impact of LH on 
insulin absorption and further investigated the differences 
in absorption of a single SC dose of insulin administered 
directly into LH tissues in individuals with T1D. They con-
firmed impaired absorption of insulin aspart into LH tissue 
which yielded 25% lower Cmax of plasma insulin.42

Impaired insulin absorption also translates into differ-
ences in the PD properties, which affect blood glucose man-
agement and the ability of PWDs to keep their blood glucose 
at target levels. A crossover study by Famulla et al43 looked 
at the effect of insulin injection into LH tissue on postpran-
dial blood glucose control. They performed a euglycemic 
clamp and a mixed meal tolerance test in 13 individuals with 
T1D with LH that was confirmed by physical examination 
and ultrasound.43 In the six-hour clamp studies, they found 
that insulin area under the curve (AUC) and Cmax are lower in 
LH injections than in normal site injections.43 The glucose 
infusion rate was also lower, and intrasubject variability was 
higher with LH injections.43 In the five-hour mixed meal tol-
erance test, they found that insulin AUC was 46% lower, 
while blood glucose was nearly 40% higher for more than 
five hours.43 Maximum blood glucose also increased by 25% 
with LH injections.43 From these findings, it can be con-
cluded that insulin absorption and action are reduced and 
more variable when this substance is injected into LH com-
pared with normal SC tissue.

Several types of economic benefits have been associated 
with reducing the risk of LH, a treatable and preventable con-
dition. In a 52-week prospective randomized controlled study 
of 713 individuals with insulin-treated type 2 diabetes (T2D) 
and LH, implementing an intensive educational program sig-
nificantly reduced LH sizes and rates of symptomatic and 
severe hypoglycemia.35 In that study, the cost of managing 
severe hypoglycemia in the intervention group (IG) decreased 
by 83% at the end of the study.35 Likewise, the cost due to 
symptomatic hypoglycemia decreased by 93%.35 Moreover, 
by the end of the study, the IG used approximately 14 fewer 
units of insulin per day compared with their baseline use 
which resulted in a cost saving of 123 € per participant.35 
Lipohypertrophy is associated with a higher risk of hypogly-
cemia, hyperglycemia, and glucose fluctuations, which can 
lead to more emergency room visits, hospitalization, and 
absenteeism. Each of these consequences of LH carries its 
own health and economic burden on both PWDs and health 
care systems. As LH impairs the SC absorption of insulin, this 
can lead to an increased dose of insulin being applied over 
time. Lipohypertrophy, therefore, has a massive impact on 
insulin PK/PD and represents a considerable economic bur-
den. Given that many individuals treated with insulin experi-
ence LH and may have worse glycemic outcomes as a result, 

better educational programs for PWDs and HCPs are needed 
to raise awareness of this condition, increase prevention with 
regular assessment of the skin, and improve outcomes.

How to Prevent Lipohypertrophy

•• To prevent LH, education that includes proper insulin 
injection/infusion technique, site selection, and rota-
tion is crucial for PWDs injecting insulin or wearing 
an insulin pump.

•• Education for HCPs that raises awareness of the seri-
ous consequences of LH, emphasizes the importance 
of ongoing assessment of injection/infusion set sites, 
and teaches prevention strategies is needed.

•• Health care professionals need multimedia resources 
and referrals readily available to reinforce education 
on injection technique, site selection, and an individu-
alized site rotation plan.

When PWDs inject into the same site with LH, insulin is 
25% to 30% less effective.43 If HCPs fail to check sites and 
increase insulin doses and PWDs decide to move to a new 
site, then hypoglycemia could occur. In the previously 
described survey reporting significant gaps in the knowledge 
of the correct insulin injection technique among adults with 
insulin-treated T2D, it was noteworthy that 15% of the 
respondents felt that their peers taking insulin were more 
experienced and knew more about insulin injection tech-
nique than their HCPs.29

Smith et al44 conducted a prospective 18-center study in 
the United Kingdom with 75 PWDs to determine whether 
knowledge can make a difference in insulin injection tech-
nique. They received a comprehensive educational inter-
vention and were switched to using 4-mm needles. In the 
end, there was a reported 50% reduction or complete disap-
pearance of LH at all injection sites.44 Several strategies 
shown in Table 1 can be applied to promote safe and effec-
tive insulin injections and optimal insulin absorption. Using 
4-mm needles can ensure injection into the SC layer and 
prevent injection into the muscle layer. In addition, the nee-
dle should be injected at a straight 90° angle. The pinching 
maneuver is not recommended for injections except for 
children below six years and very thin adults. The four rec-
ommended injection sites are the abdomen, the upper arm, 
the thigh, and the buttock. Individuals should inspect and 
palpate the site before injection to look for abnormal tissue 
formation. A new needle must also be used every time since 
used needles are not as sharp and do not penetrate the skin 
as easily or can cause more tissue trauma in the SC space. 
Needle reuse should particularly be avoided for insulin 
pens, since clogging could occur, and the individual may 
not get a full dose of insulin.

A site rotation plan can be established to prevent LH 
development. As shown in Figure 6, rotating injections into 
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Table 1.  Strategies to Promote Safe and Effective Insulin Injections and Absorption.

Strategy Recommendation Rationale

Short needle length for children and adults Pen needles: 4 mm
Syringe needles: 6 mm

Decreases risk of intramuscular injection, 
promotes comfort, and improves 
motivation to perform self-care

Inject 4-mm needle perpendicular (90°)  
to skin

Skinfold should be raised only for young 
children (<6 years) and very thin 
adults.

Lifting the skinfold increases the distance 
between the skin surface and the muscle.

Injection and infusion sites may include 
abdomen, upper arm, thigh, and buttock.

Inspect site for LH, edema, infection, 
inflammation, ulceration, and 
cleanliness.

Site rotation and inspection every time will 
facilitate avoiding injecting into areas of 
LH.

Develop a simple plan together with PWDs 
to rotate sites.

For injections in the community, disinfect 
the site if not clean. Avoid injecting 
through clothing since the site cannot 
be assessed.

If alcohol is used to disinfect, allow alcohol 
to dry before injection.

Source: Table adapted from Frid et al45 under the Creative Commons Attribution—Non Commercial—NoDerivs (CC BY-NC-ND 4.0) license.
Abbreviations: LH, lipohypertrophy; PWDs, people with diabetes.

Figure 6.  Insulin injection site rotation plan.
Source: Figure courtesy of Ashley Y. DuBord.

four consecutive abdominal sites and four consecutive thigh 
sites can help lower the risk of LH and ease the burden for 
PWDs to keep track of their injection sites. It can also be 
beneficial to associate an injection area with the day of the 
week, and the injection sites for basal insulin and mealtime 
insulin can also be allocated to designated areas. People with 
diabetes can also utilize an available smartphone application 
to track and receive guidance on injection sites.46 A clip-on 
electronic injection log device is under development to help 
track injection sites in the abdomen.47 It attaches directly to 
the insulin pen and activates when the pen is picked up and 
positioned at an anchor point in front of the navel.47 Light 
from a light-emitting diode and vibration from a motor on 
the device show where to inject according to the PWD’s 
injection plan.47

The psychological challenges of injections also need to be 
considered regarding LH prevention and management. 

Emotional concerns and anxiety need to be addressed first. 
Health care professionals should encourage PWDs to express 
any frustration, anger, fear, or concerns about taking insulin 
injections. They should let the PWDs know that they will do 
their best to teach them how to make each injection as com-
fortable as possible and will support them to master the skill. 
It is also important to point out that insulin is a natural hor-
mone and that taking it does not mean they “failed.” Finally, 
HCPs should discuss with PWDs how insulin will help 
achieve glycemic goals, which may help them feel better and 
lower their risk of LH and diabetes complications. Therefore, 
it is essential for HCPs to take the time to address the psy-
chological challenges of PWDs taking insulin, demonstrate 
good injection techniques, and create a site rotation plan with 
individuals to decrease their risk of LH and help them 
achieve their glycemic goals. Inspecting injection sites and 
educating PWDs that take insulin on best practices for rotat-
ing injection sites and properly injecting insulin should be a 
priority during diabetes visits. Research has shown that edu-
cating both HCPs and PWDs on ways to prevent LH is worth 
the effort.9,16

In summary, five practices to decrease the risk of develop-
ing LH need to be considered. Individuals injecting insulin 
should

1.	 Search for regions of existing LH to avoid injecting 
insulin into them.

2.	 Follow constant injection site rotation to ensure a dis-
tance of at least 1 cm between two successive 
injections.

3.	 Use the entire surface of the injection areas of the 
abdomen, external and rear sides of the arms, upper 
external side of the thighs, and buttocks.

4.	 Wherever possible, use 32-gauge, 4-mm needles and 
avoid injecting ice-cold insulin.

5.	 Avoid skin massage after injection.
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Conclusion

Six conclusions about LH to consider include (1) LH affects 
almost half of PWDs using insulin and is often overlooked by 
HCPs; (2) LH can result in decreased, late, and unpredictable 
insulin absorption, leading to hypoglycemia and glycemic vari-
ability; (3) LH can be difficult to diagnose because some pre-
sentations have a flat profile underneath the skin; (4) visual 
inspection, palpation, and maneuvers incorporating pinching 
techniques and body positioning changes can increase LH’s 
detectability; (5) ultrasound increases the sensitivity of LH 
detection, and recently developed portable scanners can make 
this diagnostic method more accessible to PWDs; and (6) edu-
cation on proper injection techniques and site rotations for 
HCPs and PWDs can help prevent LH development and reduce 
the economic burden on PWDs taking insulin. Given the 
adverse effects on clinical outcomes and costs of insulin ther-
apy caused by LH, it is crucial to understand, diagnose, treat, 
and prevent this common complication of insulin therapy.

Abbreviations

AUC, area under the curve; CGM, continuous glucose monitor; 
CSII, continuous subcutaneous insulin infusion; HCP, health care 
professional; IG, intervention group; LA, lipoatrophy; LH, lipohy-
pertrophy; PD, pharmacodynamics; PK, pharmacokinetics; PWDs, 
people with diabetes; SC, subcutaneous; T1D, type 1 diabetes; 
T2D, type 2 diabetes.
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