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ABSTRACT

Background: The number of older adults with
insulin-treated diabetes mellitus (DM) is stea-
dily increasing worldwide. Errors in the insulin
injection technique can lead to skin lipohyper-
trophy (LH), which is the accumulation of fat
cells and fibrin in the subcutaneous tissue.

While lipohypertrophic lesions/nodules (LHs)
due to incorrect insulin injection techniques are
very common, they are often flat and hardly
visible and thus require thorough deep palpa-
tion examination and ultrasonography (US) for
detection. Detection is crucial because such
lesions may eventually result in poor diabetes
control due to their association with unpre-
dictable insulin release patterns. Skin undergoes
fundamental structural changes with aging,
possibly increasing the risk for LH. We have
therefore investigated the effect of age on the
prevalence of LHs and on factors potentially
associated with such lesions.
Methods: A total of 1227 insulin-treated out-
patients with type 2 DM (T2DM) referred to our
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diabetes centers were consecutively enrolled in
the study. These patients underwent a thorough
clinical and US evaluation of the skin at injec-
tion sites, as previously described, with up to
95% concordance betweenthe clinical and US
screening techniques. Of these 1227 patients,
718 (59%) had LH (LH?) and 509 (41%) were
LH-free (LH-). These patients were then
assigned to two age class groups (B 65 years
and[ 65 years), and several clinical features,
diabetes complication rates, and injection
habits were investigated.
Results: Comparison of the two age subgroups
revealed that 396 (48%) and 322 (79%) patients
in the younger and older groups, respectively,
had LHs (p\0.001). Compared to the younger
subgroup, the older subgroup displayed a higher
LH rate in the abdomen (52.9 vs. 38.3%;
p\0.01) and a lower rate in the arms (25.4 vs.
35.8%; p\0.05), thighs (26.7 vs. 33.4%;
p\0.05), and buttocks (4.9 vs. 26.2%;
p\0.01). In older subjects, the most relevant
parameters were: habit of injecting insulin into
LH nodules (56 vs. 47% [younger subjects];
p\0.01), rate of post-injection leakage of
insulin from injection site (drop-leaking rate; 47
vs. 39% [younger subjects]; p\0.05), and rate
of painful injections (5 vs. 16% [younger

subjects]; p\ 0.001). Multivariate analysis
showed a stronger association between LH and
poor habits, as well as between several clinical
parameters, among which the most relevant
were hypoglycemic events and glycemic
variability.
Discussion: The higher rate of post-injection
drop-leaking and pain-free injections might
find an explanation in skin changes typically
observed in older adults, including lower
thickness, vascularity and elasticity, and a more
prominent fibrous texture, all of which nega-
tively affect tissue distensibility. Consequently,
in addition to the well-known association
between aging skin impaired drug absorption
rate, aging skin displays a progressively
decreasing ability to accommodate large vol-
umes of insulin-containing fluid.
Conclusions: The strong association between
LH rate and hypoglycemic events plus glycemic
variability suggests the need (1) to take specific
actions to prevent and control the high risk of
acute cardiovascular events expected to occur in
older subjects in the case of hypoglycemic
events, and (2) to identify suitable strategies to
fulfill the difficult task of performing effective
educational programs specifically targeted to
the elderly.
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Trial Registration: Trial registration number
172–11:12.2019, Scientific and Ethical Com-
mittee of Campania University ‘‘Luigi Van-
vitelli’’, Naples, Italy).
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Key Summary Points

Insulin injection technique errors can
cause a high rate of skin lipohypertrophic
lesions (LHs), but these lesions are often
flat and barely visible, thus requiring
thorough deep palpation examination
and ultrasonography (US) for
identification.

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 for LHs.

In this study, 718 outpatients with type 2
diabetes mellitus with LHs were assigned
to one of two age class subgroups (B 65
years and[65 years) in order to evaluate
whether age influences LH prevalence and
various factors associated with LHs.

The older group was found to show a
stronger association between LHs and
poor habits, as well as with several clinical
parameters, among which the most
relevant were hypoglycemic events and
glycemic variability.

The results suggest the need (1) to take
specific actions to prevent and control the
high risk of acute cardiovascular events
expected to occur in older subjects in the
case of hypoglycemic events, and (2) to
identify and establish better-targeted,
effective educational programs specifically
in patients in the older age category.

DIGITAL FEATURES

This article is published with digital features,
including a summary slide, to facilitate under-
standing of the article. To view digital features
for this article go to https://doi.org/10.6084/
m9.figshare.13117835.

INTRODUCTION

Increases in life expectancy have resulted in the
ageing population representing an increasingly
larger segment of the world’s population, with
one consequence being that the number of
people aged[65 years having diabetes mellitus
(DM) is also rising worldwide [1]. The preva-
lence of both DM and insulin utilization also
increases with age due to progressive beta-cell
failure and chronic DM complications con-
traindicating alternative hypoglycemic agents
[2].

Insulin activity is known to be optimized in
children and adults through the use of correct
injection modalities [3], but in elderly patients a
number of factors other than injection tech-
nique affect insulin activity, including pruritus,
carcinomas, melanomas, frequently occurring
skin morphological/functional changes, and
skin disorders, have to be taken into account as
a consequence of increasing age [4]. The skin
undergoes fundamental structural changes with
aging, such as increased fragility, decreased
healing potential, and increased susceptibility
to toxic injuries, which may precipitate various
disorders/diseases and result in aesthetically
undesirable effects (e.g., wrinkling and uneven
pigmentation) [4].

Errors in insulin injection techniques cause
lipohypertrophic nodules (LHs) to develop in
the skin. Such lesions consist of fat cells and
fibrin that accumulate in the subcutaneous tis-
sue with or without tissue tinting [5, 6]. The rate
of LHs is quite high among insulin-treated per-
sons with DM and has been reported to exceed
50% of this patient population [7]. Due to their
firm–elastic texture, LHs modify skin consis-
tency and elasticity. Nevertheless, they are
sometimes flat and hardly visible, thus
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requiring thorough deep palpation examina-
tion and ultrasonography (US) for detection.

In this context, we have investigated the
possibility of risk factor-matched age-depen-
dent differences in prevalence of LHs as the
primary endpoint of our study, and the local-
ization of LHs and associated factors as sec-
ondary endpoints.

METHODS

This study is a sub-analysis of data collected in a
multicenter survey [8] conducted by eight Ital-
ian outpatient diabetes units (DCs) that share
electronic record systems, diagnostic–therapeu-
tic procedures, and operating standards, and
participate in the continuous care improvement
program of the National Clinical Diabetology
Association (AMD) (https://www.aemmedi.it).
The specialists participating in the study had
undergone full training on all procedures
described in the study.

Eligibility criteria were: age[18 years;
duration of type 2 diabetes mellitus (T2DM) of
at least 5 years; lifestyle-only treatment, with
the exception of insulin pen treatment twice
daily or more for at least 1 year. Those unable to
either complete the questionnaire or fully
understand its content were not considered
eligible for the study and excluded after initial
enrollment.

The questionnaire, derived from the web-
based clinical record form, examined several
aspects of T2DM, as described elsewhere [9], but
focused on aspects closely related to injection
technique, including type of needle, failure to
rotate injection sites, needle reuse, habit of
injecting ice-cold insulin, post-injection leakage
of insulin from the injection site (drop-leaking),
and local discomfort/pain/redness/itching or
other changes at the injection site. Other rele-
vant aspects were age, gender, severe hypo-
glycemic episodes (HEs) over the past
12 months, and experience of symptomatic HEs
in the past 4 weeks. Relevant clinical charac-
teristics of the subjects enrolled in the study,
T2DM-related factors, including complications
and treatments, and parameters associated with

the insulin injection technique were also
recorded (Table 1).

Of the 3234 insulin-treated outpatients con-
secutively referred to our DCs, 1227 with T2DM
were enrolled as meeting the recruitment crite-
ria. All 1227 subjects underwent a clinical and
US evaluation of the skin in search of LHs at
insulin injection sites, as previously described
[10, 11]. The evaluations identified 718 (59%)
patients with skin lipohypertrophy (LH?) and
509 (41%) without LH (LH-free [ (LH-]).

The diagnosis of T2DM was based on criteria
defined by the American Diabetes Association’s
(ADA) Standards of Medical Care in Diabetes
2019 [12]. The International Classification of
Diseases, Clinical Modification (ICD-9-CM,
diagnosis code V82.9) was used to define DM-
related or -unrelated comorbidities and com-
plications [13].

The Chronic Kidney Disease Epidemiology
Collaboration (CKD-Epi) formula was used to
estimate glomerular filtration rate. Of the 442
subjects with nephropathy, 24 had end-stage
renal disease (ESRD) in the dialysis phase and
were followed-up according to an integrated
management protocol in ten dialysis centers
associated with the involved DCs.

HEs were defined according to ADA guideli-
nes 2019 [12] as frequent unexplained HEs
when occurring at least once a week in the
absence of any identified precipitating event
(i.e., changed insulin dosage, diet composition,
or physical activity) and further distinguished
into severe (SH) or non-severe (NSH) based on
attained blood glucose levels (i.e.,\50 mg/dl or
51–70 mg/dl, respectively) [9].

Glycemic variability (GV) was evaluated by
considering the mean [5] of glycemic fluctua-
tions occurring over the observation period,
when patients monitored capillary blood glu-
cose both immediately before and 2 h after
breakfast, lunch, and dinner, and at midnight,
as reported elsewhere [14]. In the absence of any
user-friendly, unanimously accepted clinical
method, we investigated GV through a vali-
dated questionnaire [15] and defined it as high
in the case of blood glucose levels swinging
consistently, inexplicably, and unpredictably
from\ 60 to[250 mg/dl at least once a week
over the 3 months immediately preceding
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Table 1 Clinical characteristics, insulin injection habits, and diabetes complications of enrolled subjects according to age
class

Patient characteristics, insulin injection habits and complications of
diabetes

Enrolled subjects (n = 1227) p

Age £
65 years

Age > 65 years

Clinical characteristics

Subjects, n (%) 817 (67) 410 (33) 0.001

Male gender, n (%) 327 (40) 97 (23) 0.05

Mean age (years) 53 ± 13 73 ± 8 0.01

Body mass index (kg/m2) 31 ± 5 27 ± 6 0.05

HbA1c (%) 8.1 ± 1.2 8.9 ± 1.4 0.05

Since DM diagnosis (years) 9 ± 7 12 ± 9 0.05

Duration of insulin treatment (years) 8 ± 4 12 ± 5 0.01

Daily insulin dose requirement (IU/day) 49 ± 15 43 ± 11 0.01

Subjects with HEs, n (%) 418 (51) 268 (65) 0.01

Glycemic variability (mg/dl) 281 ± 62 347 ± 69 0.001

Lipohypertrophy, n (%) 396 (48) 322 (79) 0.001

Injection habits, n (%)

Needle reuse 495 (61) 267 (65) n.s.

Failure to rotate injection sites 397 (49) 189 (46) n.s.

Ice-cold insulin injection 411 (51) 201 (49) n.s.

Suitable post-injection needle removal lag 74 (9) 25 (6) n.s.

Post-injection leakage of insulin from the injection site (drop-leaking) 319 (39) 193 (47) 0.05

Painful injection 131 (16) 21 (5) 0.01

Injection into LH nodules 383 (47) 310 (56) 0.05

Diabetes complications, n (%)

Cardio-/cerebro-vascular disease 180 (22) 144 (35) 0.01

Lower limb complications 65 (8) 111 (27) 0.01

Retinopathy 172 (21) 207 (49) 0.01

Nephropathy/dialysis 229 (28) 213 (52) 0.01

Sensory-motor neuropathy 139 (17) 164 (40) 0.01

Autonomic neuropathy 90 (11) 131 (32) 0.01

Data in table are presented as the mean ± standard deviation (SD) or as a number with the percentage in parentheses
DM Diabetes mellitus, HbA1c glycated hemoglobin, HE hypoglycemic episode, LH lipohypertropy, n.s. not significant
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enrollment and for least for 3 weeks within the
first and second trimester of the study, as pre-
viously described [5, 8, 15].

We identified LHs at all injection sites
according to a validated clinical method
described elsewhere [8, 10, 11]. Briefly, a well-
trained staff with[ 3 years of experience care-
fully followed a clearly defined patient inspec-
tion procedure with the patient in the supine,
sitting, and standing position, both from the
front and from the side. This was followed by a
thorough gel-assisted, increasingly deep, repe-
ated palpation procedure, in combination with
a pinching maneuver in the case of suspected
hardly visible/palpable LHs within a pasty and
less elastic skin area. An in-depth description of
our manual procedure to identify LH size is
given in our previous publications together
with detailed images [8, 10]. The minimum size
is that of a lentil in the case of nodular LHs and
2 cm in the case of flat LHs. A further assess-
ment, especially for the smallest lesions,
required high-frequency B-mode US scanning at
all injection sites in all patients enrolled in the
present study. US scanning also allowed us to
concentrate only on LHs by excluding any other
lesions characterized by a similar density and
texture, such as cysts, lipomas, or amyloid
nodules. In questionable cases, i.e., detection of
extremely small LHs, the site was classified as
LH-.

Data were analyzed anonymously. This study
was conducted in conformance with good
clinical practice standards and was performed
according to the Declaration of Helsinki 1975,
as revised in 2008. It was approved by Vanvitelli
University, Naples, Italy (Trial registration
number 172–11:12.2019) and by all of the eth-
ics committees of the centers participating in
the study. Written informed consent was
obtained from all participants before
enrollment.

Statistical Analysis

Patients’ characteristics were reported as the
mean ± standard deviation for continuous
variables or in terms of number/percentages for
categorical variables. Parameters associated with

injection techniques were subjected to repeated
measures analysis of variance integrated by two-
tailed paired Student’s t test with 95% confi-
dence intervals for parametric variables and
Mann–Whitney’s U test for non-parametric
variables. The Chi-square (v2) test with Yates
correction or Fisher’s exact test was used to
compare categorical variables. A p\0.05 was
chosen as the least acceptable statistical signif-
icance level. All evaluations were performed
using SAS statistical software release 9.4 (SAS
Institute, Cary, NC, USA).

RESULTS

The concordance between the results from
clinical and US scanning examination in terms
of LH detection was as high as 95%. Using the
pre-determined age cut-off to separate the sub-
jects into two age groups, 817 (67%) and 410
(33%) subjects were grouped into the age groups
of B 65 and[65 years, respectively.

As shown in Table 1, the subjects in the older
group differed from their younger counterparts
in terms of gender (23% of subjects in older
group were male vs. 40% in younger group;
p\0.05), body mass index (lower in the older
group: 27 ± 6 vs. 31 ± 5 kg/m2; p\0.005),
glycated hemoglobin (HbA1c) (higher in the
older group: 8.9 ± 1.4 vs. 8.1 ± 1.2%; p\0.05),
disease duration (longer in the older group:
12 ± 9 vs. 9 ± 7 years; p\ 0.05), duration of
treatment with insulin (longer in the older
group: 12 ± 5 vs. 8 ± 4 years; p\ 0.01), daily
insulin requirement (lower in the older group:
43 ± 11 vs. 49 ± 15 IU/day; p\ 0.01), preva-
lence of HEs (higher in the older group: 65 vs.
51; p\ 0.01), glycemic variability (greather in
the older group: 347 ± 69 vs. 281 ± 62 mg/dl;
p\0.001), and frequency of complications
(higher in the older group). However, most of
the parameters of the injection procedure were
superimposable in the two age groups, includ-
ing needle reuse (65 vs. 61%; p = not significant
[n.s.]), failure to rotate injection sites (46 vs.
49%; p = n.s.), injection of ice-cold insulin (49
vs. 51%; p = n.s.), required (10–20 s) post-injec-
tion needle removal lag time (6 vs. 9%; p = n.s.),
although the older patients observed post-
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injection drop-leaking more frequently (47 vs.
39%; p\0.05), had a significantly greater habit
to inject insulin into LHs (47 vs. 39%; p\ 0.01)
and had a significantly lower rate of painful
injections (5 vs. 16%; p\0.001).

As roughly seen from Fig. 1, the most fre-
quent location of LHs in the subjects in both
age groups was the abdomen; other locations
were relatively evenly distributed in the subjects
in both age classes. However, some differences
between age classes were apparent: compared to
the younger subgroup, the older subgroup had a
higher rate of LHs in the abdomen (52.9 vs.
38.3%; p\0.01) and a lower rate in the arms
(25.4 vs. 35.8%; p\ 0.05), (26.7 vs. 33.4%;
p\0.05), and buttocks (4.9 vs. 26.2%;
p\0.01).

Data from both subgroups were subjected to
multivariate analysis to look for any possible
associations among the investigated factors and
LHs. Table 2 shows the only parameters found
to be significantly associated with the presence
of LHs. The same associations were significant
in both groups, but hazard risk values were
higher in the older subgroup.

DISCUSSION

Our survey clearly shows that LHs due to poor/
inadequate insulin injection technique were
significantly more frequent in the older subjects
than in the younger ones (79 vs. 48%;
p\0.0001). A large body of evidence suggests
that LHs are invariably associated with needle
reuse and failure to rotate injection sites and are
more frequent in subjects with longer diabetes
duration, especially females. There is also con-
siderable agreement in the literature regarding a
strong association between LH and high SH or
NSH rates, large GV, and worse HbA1c
[5, 7, 8, 14–16], but not with high insulin doses.
Although our results support the findings from
the majority of these published reports, we
found that the injection of cold insulin occur-
red in about 50% of patients independently of
age and that it was significantly associated with
rate of LHs, as if the cryo-traumas per se func-
tioned as an add-on to repeated mechanical
trauma in terms of LH-related factors.

The older subjects in our study suffered car-
diovascular and renal complications more

Fig. 1 Graphic representation of the distribution of skin
lipohypertrophic lesions (LHs) on the body surface of
younger (B 65 years) and older ([65 years) subjects. The

colored circles represent the body areas in which LHs are
present, with a higher color intensity and a larger size
indicating a higher frequency of LHs
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frequently than the younger ones. This aspect
deserves special attention as both frequent HEs
and a large GV act as independent cardiovas-
cular risk factors per se by causing well-estab-
lished and considerable macro- and micro-
vascular changes [17–20]. We report here for the
first time a close relationship between injection-
related LHs and ESRD/dialysis in aged subjects.
Thus, given the association with a more
prominent risk for HEs, in frail subjects a higher
LH rate may represent an add-on factor trig-
gering acute complications [20], which can be
prevented by correcting injection technique
errors and by injecting insulin far from LHs.

Despite almost superimposable injection
habits in the two age groups, our data also
suggest an equally strong association of LHs
with injection technique errors, although we
observed a higher prevalence of post-injection
drop-leaking (47 vs. 39%; p\0.05) and a lower
rate of painful injections (5 vs. 16%; p\0.01) in
older subjects, possibly related to skin changes
typically observed in older adults. The aging
skin becomes thinner, loses vascularity and
elasticity, and becomes more fibrous in texture
[4, 21, 22], all factors contributing to reduced
tissue distensibility. As a consequence of these
changes with age, the skin becomes increasingly

Table 2 Factors associated with lipohypertrophic lesions in subjects aged B 65 years versus those aged[ 65 years

Factors associated with lipohypertrophic
lesions

Subjects aged £ 65 years Subjects aged > 65 years

95% Confidence
interval

Hazard
ratio

95% Confidence
interval

Hazard
ratio

General parameters/complications

Female gender 1.33–1.94 1.48 1.44–2.24 1.67

DM duration 1.22–1.77 1.29 1.43–2.12 1.76

HbA1c 0.98–2.94 1.81 1.53–2.97 2.11

Severe hypoglycemic episodes during the past

12 months

1.52–2.97 2.32 1.78–3.21 2.19

Cardiovascular complications 1.68–3.49 2.72 2.78–5.19 3.65

Retinopathy 1.21–1.89 1.47 2.23–3.67 2.89

Sensory-motor neuropathy 1.01–1.48 1.28 1.88–3.56 2.78

. End-stage renal disease/dialysis 1.59–3.23 2.19 3.21–4.88 3.99

Associated factors

Large glycemic variability 2.02–3.28 2.66 2.78–4.23 3.08

HEs 1.87–3.03 2.11 1.98–3.51 2.87

Severe HEs 2.00–3.48 2.49 2.28–3.97 2.95

Symptomatic non-severe HEs 1.68–3.86 1.93 1.94–4.16 2.65

Injection technique

Needle reuse 2.98–5.24 3.73 3.11–5.84 3.89

Failure to rotate injection sites 3.21–6.18 4.81 3.44–6.88 5.12

Ice-cold insulin injection 1.87–3.24 2.66 2.12–3.79 3.11

Post-injection drop-leaking 1.90–2.32 1.58 1.83–3.79 2.08

Results of multivariate analysis showing only significant hazard ratios with the respective 95% confidence interval
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less able to accommodate an ever-increasing
volume of insulin-containing fluid. The lower
rate of painful injections may also reflect skin
changes with aging, which are typically char-
acterized by progressively higher denervation
processes [23].

In terms of the distribution of LHs, we found
the abdomen to be the preferred injection site,
followed by the arms, thighs and buttocks in
decreasing order of preference [5, 24]. Despite
being potentially random, this distribution
across the body may well depend on the manual
skills of the patient, the style of dress, or func-
tional hand/arm joint deficits, all possibly
making the abdomen more convenient for
injections, especially when outdoors. These are
only hypotheses, as the observed phenomena
may simply be chance or depend on other age-
related factors, such as physical stiffness hin-
dering injections outside the abdominal area,
inveterate behavior, or laziness. In our opinion,
abdominal sites do not contribute to the
occurrence of LHs in older patients more than
other sites, despite LHs appearing less fre-
quently at these other sites.

It is also possible that typical changes in age-
related subcutaneous fat distribution may also
cause the different LH rate observed in the older
subjects [4, 21].

In summary, the higher frequency of cuta-
neous LHs due to incorrect insulin injection
technique in our older subgroup, described here
for the first time, seems to be mostly driven by
age-related behavioral aspects and skin alter-
ations. However, the strong association between
LH rate and HE risk suggests the need (1) to take
specific actions to prevent and control the high
risk of hypoglycemia and of consequent acute
cardiovascular events in older patients and (2)
to identify suitable strategies to fulfill the diffi-
cult task of performing effective educational
programs specifically targeted to the elderly.

As a first and easy to implement solution, we
suggest the use of pens to deliver concentrated
insulins, like the U-200 pen for the fast-acting
analog and U-300 pen for the long-acting one.
The use of pens may be of particular help to
older adults by reducing the injected volume.

Regarding a practical approach to educating
patients on correct injection techniques, there

have been a few good studies, although these
are characterized by a small number of subjects
and a short-duration follow-up [25, 26]. We
performed a preliminary analysis of the cost-
saving effects of structured education on correct
injection techniques in terms of reduced severe
HE-related hospital emergencies [27]. We are
fully aware that older people cannot train
effectively to act appropriately after inadver-
tently have bad habits for years. However, we
also feel a large responsibility to fight thera-
peutic inertia given the evidence for severe—
and even potentially life-threatening—HEs due
to an avoidable high rate of LHs. We feel that a
new structured education approach that is
specifically designed for the elderly should be
implemented on an experimental basis, possi-
bly based on models showing effectiveness for
other purposes, like the so-called ‘‘group care’’
model [28, 29]. It is notable that even showing
patients their lesions during US scanning pro-
cedures has proven to be quite convincing and
educationally compelling per se [8].

There is one final consideration that deserves
attention: the real reasons behind LH occur-
rence are still unknown. Independent of
underlying pathophysiological mechanisms, as
is seen above, LHs are a consequence of inap-
propriate injection techniques. Getting to know
how to inject insulin correctly and to do so in
real life is not easy. It requires adequate training
initially, followed by refresher courses at regular
intervals after repeated performance checks and
careful injection site examination in search of
possibly occurring LHs. A common complaint is
the large discrepancy observed among studies
held in care settings of different clinical
approaches, countries, and identification
methods.

Consequently, in past publications we have
also criticized research groups unable to adopt a
strict, repeatable, and safe LH identification
method [8, 10, 11]. Even more, we have pro-
nounced the high prevalence of LH lesions as
evidence that clinicians are not sufficiently
interested in this problem and have allowed
patients to carry out their insulin treatment in a
non-systematic and somewhat careless manner
[30, 31]. Such criticism sounds like a defeat for
clinicians. Otherwise, we would not read so
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many papers on this topic that report huge
differences in LH rates. Things might get much
better just by following a systematic, repeated
search for LHs in clinical practice and reinforc-
ing correct messages by appropriate education
refresher courses. As seen, older adults, i.e., the
frailest subjects, have a higher rate of LH
occurrence than their younger counterparts.
Therefore, they need to be checked for LHs
more frequently and be provided with thorough
education by healthcare personnel and possibly
also by caregivers to avoid major acute cardio-
vascular events and long-term brain damage,
eventually causing mild cognitive impairment
leading up to dementia [32]. It is now time to
regularly monitor the situation to avoid con-
tinuing with merely theoretical investigations
and eventually provide our frail patients with
the best possible care.

Limitations

Our interpretation of different LH rates and
insulin injection habits between age classes
relies only on hypotheses, albeit plausible
hypotheses that are based on indirect evidence.

Nevertheless, our study is the first compar-
ison of subjects of different age classes, and the
data obtained unequivocally points to several
critical issues related to incorrect insulin injec-
tion techniques. This requires clinicians to pay
more attention to this aspect of diabetes care,
especially when dealing with the elderly who
usually have to overcome inveterate practices
and have greater learning difficulties than
young adults. The link between LH pathophys-
iology and age-related factors is still missing
sound evidence, and we therefore suggest
exploring this aspect in the future.
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