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Abstract: The number of adult individuals with insulin-treated diabetes mellitus (DM) is steadily
increasing worldwide. The main local complications of insulin injection are lipohypertrophies (LHs),
i.e., subcutaneous nodules consisting of aggregates of macro-adipocytes and fibrin. These nodules
result from errors repeatedly made by patients while injecting insulin. Despite being very common,
LH lesions/nodules due to incorrect insulin injection techniques are often flat and hardly visible
and thus require thorough deep palpation examination and ultrasonography (US) for detection.
Identifying LHs is crucial, especially in elderly and frail subjects, because they may eventually result
in poor diabetes control due to associated unpredictable insulin release patterns. Raising awareness
of the adequate detection of LHs and their clinical consequences is crucial and urgent. A call to action
is required on this topic at all levels of undergraduate and postgraduate education.
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1. Introduction

Lipohypertrophy (LH) at insulin injection sites is a typical complication in insulin-
requiring type 2-diabetic people resulting from the localized accumulation of subcutaneous
fat [1,2]. Unfortunately, it occurs frequently, affecting 47% (range 5-70%) of patients on
insulin [1,3]. However, LH can be prevented by overcoming severe educational defects
that cause the patient to progressively acquire bad injection habits, including the choice of
restricted skin areas, the repeated utilization of a single needle, or ice-cold preparations.

2. What May Happen to People with LHs

LHs do not only represent skin imperfections. Indeed, they often have severe metabolic
consequences due to scattering insulin absorption and, inevitably, high blood glucose
oscillations [4,5]. A few years ago, we published the case of a woman who had a prominent
LH on her abdomen and, wishing to wear a bikini, steadily and vigorously massaged her
unsightly abdominal lump with the most disparate cosmetic creams. As a result, she woke
up in the emergency room of a hospital after a severe hypoglycemic event—which she did
not remember—caused by the sudden release of the insulin trapped in the LH nodule [6].

3. A Case of Monster LH

In another case, we described the presence of two abdominal tangerine-like sym-
metrical bumps with a central hyperchromic navel, which, on ultrasound examination,
turned out to be LHs with a gelatinous/fluid content. When analyzed, the latter had a
13 times higher insulin concentration than in the blood. These lesions only disappeared
after three years of correct injection behavior and regularly occurring educational training.
However, despite the size of the scarring umbilications having decreased, the dyschromia
still subsided [7] (see Figure 1).
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Figure 1. Two major LH swellings were evident at the two sides of the navel markedly protruding
from the cutaneous plane (left panel). The central areas of both LH lesions were easily identified by
sight and touch as umbilicated, hyperchromic, and clefted. In the (right panel), ultrasound scans of
lipo-hypertrophic area are also provided: the thickening of the dermis is clearly visible together with
the central, colliquative area.

4. Practical Considerations

Why do patients stubbornly inject insulin into lipodystrophic nodules? The answer is
complex and largely depends on educational deficiencies when starting insulin therapy,
which are aggravated by the lack of required periodic injection site inspections by diabetes
teams, as previously described by our team in [7]. However, another reason behind it
is the painlessness of mistreated and thus denervated skin tissue hosting LHs. Indeed,
about half of patients on insulin self-injecting the drug four times a day, i.e., 1460 times per
year, unconsciously or secretly accept risking high blood sugar levels by avoiding frequent
painful injections [8].

5. Why Do People with Diabetes Forget the Lessons over Time?

The answer is not simple, but one can resort to a fundamental principle of therapeutic
education, borrowing the axiom “knowing is not the same thing as knowing how to do”.
Evidence for this stems from a Charlie Brown strip where the famous cartoon character—
drawn by Charles Monroe Schulz in the 1950s—informed Lucy of having taught Snoopy to
whistle. When she objected that Snoopy could not whistle yet, he retorted that he had only
said he had taught him, not that Snoopy had learned! In addition to this, we cannot rule
out the role for comfortable movements, especially for older adults with joint difficulties,
a certain degree of habit, and, for some, the tendency for depression and poor self-care,
which are typical traits of chronic diseases with a longstanding asymptomatic phase such
as diabetes. Finally, we should remember how difficult it is to change consolidated habits
involving errors and bad clinical practice [1,8].

6. What Are the Consequences of Injection Technique Errors?

First, an unpredictable absorption of the preparation injected into the LH alters the
expected synchronism between the post-meal rise in blood sugar and the immediate insulin
action [4,5]. The direct consequence of such a phenomenon is considerable variability in
circulating glucose levels, which is a recognized severe cardiovascular risk factor [9]. Sec-
ondly, such variability entails poor glycemic control and, even worse, repeated dangerous
hypoglycemic episodes in the absence of eating errors, missed meals, vomiting, diarrhea,
and insulin dose calculation errors The abovementioned LH consequences also burden
patients with a poor quality of life and the national health system with excess medical and
social expenditure [10]. The skin undergoes fundamental structural changes with aging,
potentially increasing the risk for LHs. Therefore, LH side effects are hazardous in elderly
individuals because of their inner frailty, frequently associated comorbidities, and possible
hypoglycemia-related acute cardiovascular events [11].
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When undergoing a severe episode of hypoglycemia, the patient can become un-
conscious and thus requires the intervention of family members, caregivers, or anyone
else making emergency calls to the GP or first-aid services. This event might end in
hospitalization, with the patient’s and caregiver’s absence from the workplace.

The above entails an apparent increase in costs quantifiable through the national tariff
for health services and would not occur if adequate educational training was provided [9].

Indeed, our recent data document tenfold higher hypoglycemic event-related costs in
patients with LH than without LH, and over eightfold lower costs—therefore, approaching
those of patients injecting insulin correctly—after adequate systematic, multimodal, and
repeated educational training [7,8,10].

Moreover, when injected into healthy skin instead of LH nodules, required insulin
doses decrease by 20-25%. Despite being twenty times lower than those due to less
unpredictable hypoglycemic events, the resulting savings are of great value when projected
on large populations and compared to the annual costs of insulin, especially in the case of
new rapid or basal analogs [1,2,9].

7. What Can We Do to Prevent Lipohypertrophies?

Indeed, the picture is not comforting. Suffice it to say that a recent survey conducted
in China and other countries on health professionals (doctors and nurses) mercilessly
documents that over 50% of patients have poor knowledge about LHs, associated metabolic
consequences, and, even worse, how to avoid or counteract this type of complication [12-18].

In Italy, the situation is similar. Indeed, the occurrence of LH in at least 45% of insulin
patients documents the similar level of our treatment system'’s inefficiency.

Unfortunately, apart from a few willing people who are stubbornly engaged in thera-
peutic education, including that involving correct injection techniques, LH is most often
forgotten or ignored, thus becoming a “non-problem”.

8. A Proposal for the Future

Considering that three to four million persons in Italy have diabetes, and about 40-50%
of them will sooner or later require insulin, correct insulin injection techniques should
have a more prominent place in undergraduate, postgraduate, and specialization courses.
Specifically, doctors and nurses should follow dedicated training procedures on proper
injection techniques. Outpatient general medicine practices and diabetes wards should
also become involved in practical education paths, including primarily structured LH
identification methods (Figure 2) [3]. In our youthful memories, none of this existed, and it
was the experience in the field that sometimes compensated this absence. Another practical
solution to the problem may also come from insulin manufacturers, who could include in
pens and vial packages dedicated visuals and detailed descriptions on how to inject and
use insulin correctly.

The relaxed, even condescending attitude towards LHs has to change, and we count
on our most resourceful readers to make this happen as fast as possible.
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Figure 2. LH identification technique. The figure shows how to identify a lesion after a thorough

inspection of the area by performing repeated vertical and horizontal fingertip movements over and

around it (a—c), pinching it (d—f), and marking it (g), as well as how to finally measure it (h).

9. Key Summary Points

1.

Improper Insulin injection causes skin lipohypertrophic lesions (LHs), which are
often flat and barely visible, thus requiring thorough deep palpation examination and
ultrasonography (US) for identification;

The detection of LHs is crucial to prevent poor diabetes control due to unpredictable
insulin-release patterns;

The skin undergoes fundamental structural changes with aging, potentially increasing
the risk of developing LHs;

Too many healthcare professionals (doctors and nurses) know little or nothing about
lipohypertrophy and its associated metabolic consequences and, worse, they do not
know how to avoid or counteract this type of complication;

The data from the literature suggest the need (i) to take specific actions to prevent and
control the high risk of acute hypoglycemia-related cardiovascular events, especially
in older subjects, and (ii) to identify specific, better-targeted, practical, and structured
educational programs suited to older patients.
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