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ABSTRACT

Introduction: Cutaneous lipohypertrophy (LH)
is a thickened, “rubbery” lesion in the subcuta-
neous tissue following multiple injections per-
formed at the same site, i.e., an incorrect
injection technique. It is widespread, averaging
47% of insulin patients worldwide, and has
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severe direct and indirect consequences. Direct
consequences consist mainly of poor metabolic
control and frequent hypoglycemic events
(HYPOs), and indirect ones of markedly
increased healthcare costs related to hospital
access due to acute events and long-term disease
complications. This observation also holds for
Italy, despite the National Health System orga-
nization expecting every patient with diabetes
to undergo a series of visits by different care
team members, each performing a specific
treatment/education task. Indeed, the recent
literature points to poor awareness of LH rele-
vance and metabolic consequences among
doctors from general and diabetic hospital
wards, with educational deficiencies on correct
injection practice in nurses too. The aim was to
establish if, to what extent, and by whom they
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had received training on correct insulin injec-
tion techniques, and how many initially
received notions had persisted over time.
Methods: We investigated the possible causes
of such a failure from the point of view of 1160
insulin-requiring subjects with type 2 diabetes
(T2DM), reporting for the first time to special-
ized diabetic structures through a validated
questionnaire and, in the same patients, we
searched for LH by inspection/palpation
according to international guidelines, further
confirmed by ultrasound scans. We then ana-
lyzed differences in education and injecting
behavior between subjects classified as LH+ or
LH- depending on the presence or absence of
LH lesions.

Results: We documented significant educa-
tional gaps, with 50% of patients failing to refer
to healthcare professionals and relying on their
peers with diabetes, thought to be more expe-
rienced in 15% of the cases. Seventy-five per-
cent of LH— patients received education from
healthcare providers, while 90% of LH+ learned
from another patient or could not remember
how they knew, and 68% of LH+ versus 52% of
LH— (p <0.01) patients had failed to receive
training on injection techniques by healthcare
providers. All of this enabled the most disabling
features of diabetes from the very beginning of
the disease history.

Conclusions: This study documents, from the
patients’ point of view, that educational gaps
are significant and that, even in initially trained
subjects, education on correct injection tech-
niques has a fleeting effect if not regularly
recalled. Therefore, to rehabilitate LH+ patients
as soon as possible and prevent LH— patients
from inadvertently slipping into the other
group, there is an urgent need to educate doc-
tors and nurses repeatedly on the importance of
correctly injecting insulin to improve patients’
knowledge and skills.

Keywords: Type 2 diabetes; Lipohypertrophy;
Injection technique; Education; Education
durability; Rehabilitation

Key Summary Points

Lipohypertrophy is reported ubiquitously
in insulin-treated people with type 2
diabetes, displaying an average frequency
of 47%, up to a maximum of 75%, and
subtly causing severe disabling
consequences.

Its mere presence is proof of a lack of
educational activities by the care team.

In doctors from general and diabetic
hospital wards, awareness of the
importance and metabolic consequences
of lipohypertrophy appears to be poor.

Educational deficiencies on correct
injection practice have also been
documented among nurses.

This study documents, from the patients’
point of view, that educational gaps are
significant.

Even in patients initially trained,
education on correct injection techniques
has a fleeting effect if not regularly
recalled.

Therefore, for efficient preventative and
rehabilitation purposes, it is urgent to
educate both doctors and nurses
repeatedly on the importance of correctly
injecting insulin to improve patients’
knowledge and skills.

INTRODUCTION

In Italy, assistance for people with type 2 dia-
betes (T2DM) relies on the primary care system
and a network of about 650 diabetes care units
(DCU). According to a validated protocol shared
between the most representative scientific soci-
eties in the field, i.e., the Associazione dei
Medici Diabetologi (AMD), Societa’ Italiana di
Diabetologia (SID), and Societa’ Italiana di
Medicina Generale (SIMG), the general practi-
tioner (GP) has the responsibility for the
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diagnosis and suggests his patient for referral to
the closest territorial or hospital diabetes unit
(DCU) [1]. Unfortunately, this protocol is not
widely and homogeneously implemented, and
only a few Italian regions have issued new laws
and funded health-related activities involving
shared and fully integrated management plans.
In real-life conditions, most GPs send their
patients to DCUs only with persistent hyper-
glycemic levels or fast-progressing chronic
complications [2].

Such a phenomenon causes a kind of
dichotomy between (i) uncomplicated patients
under treatment with oral hypoglycemic agents
(OHAs) who consult their GPs and (ii) severely
complicated, mostly insulin-treated patients
with longstanding T2DM who rely on a DCU.
Nonetheless, many GPs currently start insulin
treatment more frequently than in the past by
adding basal insulin to OHAs and fast-acting
analogs at meal times, sometimes without
completely stopping OHAs, before referring the
patient to a DCU in case of failure to reach
supposed glycemic targets or complications
(unpublished personal observations).

Other patients access DCUs after being pre-
scribed insulin in the hospital first and are sent
to their GPs for follow-up or to a local DCU for
the prescription of aids, education, or new
generation insulins, accessible only through
diabetologists authorized by the Italian
Medicines Agency (AIFA). However, the patient
can freely choose to refer to a DCU for treat-
ment whenever needed.

Despite its apparent complexity, this process
has been well understood and perfectly imple-
mented for years. However, as documented by
us a few years ago [2], owing to the different
access pathways mentioned above, DCUs often
meet people treated for diabetes, even those on
insulin, for the first time between 6 months and
5 years from diagnosis. Fach person with dia-
betes should then undergo a series of visits by
members of the care team, each expected to
perform a specific task. However, the high fre-
quency of cutaneous lipohypertrophy (LH) due
to incorrect injection techniques indicates that
this does not occur.

LH occurs in patients with both T1DM and
T2DM, and is characterized by a thickened,

“rubbery” lesion in the subcutaneous tissue
developing after multiple injections performed
at the same site [3]. The identification and
delimitation of LH-affected areas are not simple
processes. Inspection and palpation are stan-
dard clinical practices used to identify LH [4]
but can underestimate its rates without other
additional maneuvers. The reliability of this
method is potentially low, with high levels of
interclinician wvariation [5]. Ultrasound scans
have recently been shown to identify LH with
significantly increased frequency compared
with inspection or palpation. [6, 7]. LH is asso-
ciated with increased glucose variability, poor
metabolic control, and frequent hypoglycemic
episodes [8-10]. Approximately one-third of
physicians recognized the clinical harm related
to LHs. Still, many ignore the social and eco-
nomic costs of such lesions, including increas-
ing healthcare costs, cosmetic effects, and
severe psychological burden [11]. These adverse
effects have additional impacts on long-term
outcomes, including increased daily insulin
doses and healthcare costs, which can dramati-
cally worsen clinical, social, and economic
results [8-15]. Even if LH causes are not yet fully
understood, only some 40% of physicians rec-
ognized all known risk factors [8-11], including
high body mass index (BMI) (still debated),
frequent needle reuse, failure to rotate insulin
injection sites, and insulin exposure duration
2,5, 6, 10, 16, 17].

We were impressed by recently published
literature concerning the attitude of doctors
and nurses towards the identification of LHs
from incorrect injection techniques. A recent
survey from China revealed significant differ-
ences in awareness, knowledge, and behavior
concerning LH across medical groups from
various assistance levels with different hierar-
chical roles, seniority, and specialization so
that, in less experienced doctors, the inade-
quacy was about 18.9% for LH identification
and 54.7% for LH management [11]. These
findings show that, despite some improvements
in recent years, LH-related complications are
still underestimated by many physicians and
emphasize the need for comprehensive and
continuous education on all aspects associated
with LH, including physician awareness. China
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has the highest number of patients with dia-
betes in the world [17]. Many shortcomings in
the insulin injection practice of nurses can be
attributed to inadequate knowledge, suggesting
the importance of being educated to improve
compliance with injection guidelines [18, 19],
as reported in a recent Chinese nationwide
survey on knowledge, attitudes, and practices of
223,368 nurses within the field [19]. The study
revealed deficiencies in all three items, espe-
cially in nurses working in endocrinology units,
similar to results from previous studies con-
ducted in other countries [20-26], albeit differ-
ing across regions. Approximately one-third of
surveyed nurses had poor insulin injection
knowledge scores, particularly concerning
injection sites, needle disposal, and hypo-
glycemia management. Further, about one-
quarter did not care about proper injection or
repetitive use of insulin needles and were not
entirely confident about teaching diabetic
patients how to inject insulin correctly.
Approximately two in three (67.28%) felt they
needed insulin injection training. Indeed, nurse
injection knowledge is expected to improve the
performance of individual patients [5, 27, 28].

Based on previous analyses, we found it
necessary to look for possible causes of such a
failure, which might be related to factors other
than mere health system dysfunction. To do so,
we evaluated the point of view and needs of
insulin-requiring patients with T2DM, crossing,
for the first time, the threshold of specialized
diabetic structures organized in multifunctional
and autonomous teams.

The primary endpoint or our study was to
establish if, to what extent, and by whom they
had received training on correct insulin injec-
tion techniques and how many initially
received notions had persisted over time. The
secondary endpoint was to establish the rela-
tionship between the ability to inject insulin
correctly and the presence or absence of LH and
glycated hemoglobin (HbAlc) levels.

METHODS

The present multicenter, observational study
was conducted by eight outpatient diabetes

units (DCUs) that share electronic record sys-
tems, diagnostic-therapeutic procedures, and
operating standards, and participate in the
continuous care improvement program of the
National Clinical Diabetology Association
(AMD) (https://www.aemmedi.it). All DCUs
were part of the Nefrocenter Research Network
affiliated with the National Health System, and
with the University Hospital “Luigi Vancitelli”
of Naples, whose Ethical-Scientific Committee
approved the study protocol for all the DCUs
(registration: protocol no. 227, 25 April 2021)
under the original Declaration of Helsinki, and
its subsequent amendments. All subjects were
informed of the study purpose, requirements,
and expectations and signed the informed
consent form. At the end of the trial, all patients
received the same structured education, tools,
and devices as previously described [29, 30].

The specialists and nurses participating in
the study had undergone full training on all
procedures described.

The inclusion criteria were as follows:
(i) 18-75 years of age; (ii) T2DM, (iii) being on
insulin for at least 12 months and referring to
the DCU for the first time; (iv) self-administer-
ing insulin through a pen for at least twice a day
with or without other OHAs; (v) being free from
handicaps, whether physical or mental (as
evaluated by the Mini Mental Test), hindering
protocol adherence; (vi) having no visual
defects and being able to read a simple news-
paper text; (vii) having received no education
on LH within the preceding 6 months. The
main exclusion criteria were (a) pregnancy or
planned pregnancy within 3 months; (b) partic-
ipation in other clinical trials within 3 months;
(c) diagnosis of T1DM; (d) other significant
medical diseases or unsuitability for the study as
per the investigators’ judgment.

Each DCU enrolled the first 150 consecutive
patients meeting the inclusion criteria, for a
total of 1200 subjects with T2DM.

Data Collection and Endpoints

Baseline visits allowed demographic and clinical
data collection and insulin injection behavior
recording through a validated questionnaire
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[19, 31]. We further tested this questionnaire on
a cohort of 85 insulin-treated people with
T2DM after adding questions on if, by whom,
where, and how they received the education on
correct insulin injection techniques [32, 33]. For
final validation of the new version, we per-
formed a factorial analysis and an estimate of
(i) comprehensibility based on the percentage
of responses obtained to each question and
scale completion; (ii) convergent validity to
verify whether or not the score of an item cor-
related with the total of the pertaining scale;
and (iii) internal consistency, i.e., the degree of
agreement of the responses to the items relating
to the same dimension in the responses to the
items belonging to the same scale through the
Cronbach alpha coefficient (values < 0.70 are
considered optimal). As part of the validation,
the raw scores were transformed into a range
from O to 100.

The questionnaires were independently self-
completed by patients who could ask for help
from the DCU healthcare staff whenever facing
difficulties in question interpretation.

All patients underwent accurate evaluation
at all their insulin injection sites by expert
nurses or doctors certified as experts in the
detection, grading, and measurement of LH,
including visualization and palpation of the
adipose tissue, as described by Gentile etal.
[6, 28, 34]. Emphasis was placed on the need for
oblique lighting to aid the visual detection of
LH lesions, a warm environment, and a supine
position with knees up to relax abdominal
muscles. The location and size of LH were con-
firmed or identified by physical examination by
two independent observers (one performed the
physical examination and the other reviewed its
results). LH presence was confirmed by ultra-
sound reevaluation as well. High-frequency
B-mode ultrasound skin scans took advantage of
linear 20 MHz probes (HD3; Philips NV, Ams-
terdam, the Netherlands) at all injection sites, as
previously described [9].

Patients enrolled, and their caregivers were
instructed how to identify severe (SeH) and
symptomatic (SyH) hypoglycemic episodes in
the 8 weeks after enrollment by checking asso-
ciated blood-glucose meter readings. After that,
all data were electronically recorded. HYPOs

were defined according to American Diabetes
Association (ADA) statements [35]. Briefly, a
HYPO consisted of one or more symptoms
(palpitations, tiredness, sweating, hunger,
dizziness, and tremor) confirmed by a blood
glucose (BG) reading < 70 mg/dL. It was further
classified as SeH (BG < 50 mg/dL) and SyH (BG
50-70 mg/dL), as previously reported [36, 37].
Finally, a HYPO was defined as unexplained in
the absence of any identified precipitating
event, including changes in insulin dosage, diet
composition, or amount of physical activity.

Statistical Analysis

In previous randomized controlled trials
[9, 10, 19], HbA1lc decreased by a mean of 0.58%
(6.3 mmol/mol) during the study, and the
standard deviation (SD) was 1.3%. We set the
significance level at a = 0.05 (two-sided) and the
power at 80%; therefore, the minimum sample
size for each group was 120 participants. The
sample size should have got to 160 participants
per group to allow a dropout rate of 10-15%.
Still, we chose 1200 as the final number of
enrolled subjects, available in the Nefrocenter
clinics, to increase the representativeness of the
sample as much as possible. Using SAS version
9.4 (SAS Institute, Cary, NY, USA) for statistical
analysis, we assessed intra- and intergroup dif-
ferences among baseline, 3 months, and
6 months (values presented as mean + SD,
median, and interquartile range or percentage).
We performed the Mann-Whitney U test and
Pearson chi-square test to assess whether vari-
ables under investigation displayed any differ-
ent mean levels/percentage distributions in
patients with LH (LH+) from those without LH
(LH-). Then, we entered all variables into an
unadjusted odds ratio analysis according to the
univariate binary logistic regression function
and progressively removed significant ones
from subsequent stepwise backward multivari-
ate logistic regression analysis. After calibration
and discrimination ability assessment by Hos-
mer-Lemeshow goodness of fit test (HLGOF)
and receiver operating characteristic (ROC)
analysis, we reported odds ratios as estimated in
the refitted final model.
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RESULTS

The preliminary validation gave excellent
results with the questionnaires, which were easy
to understand and complete, and were well
accepted by patients, thus reaching scores
between 85% and 95% of the transformed val-
ues on a scale from O to 100, according to the
established validation criteria. Of the 1200
enrolled subjects, 1160 completed the ques-
tionnaires correctly and were therefore included
in the subsequent statistical analysis.

In greater detail, 59 out of the 1160 subjects
completing the questionnaire asked staff for help
to better understand questions without receiving
any suggestions or directions. The other 40
(3.3%) subjects dropped out straight away with
no answers to more than half of the questions.

The characteristics of the enrolled subjects
are outlined in Table 1, which also shows the
significant differences observed between sub-
jects with and without LH (LH+: 487 subjects,
42%, and LH—). They proved similar in M/F
ratio, age, BMI, diabetes duration, and time
spent on insulin.

As depicted in Fig. 1, eight (1.6%) LH+ sub-
jects and 104 (15.5%) LH— subjects were on two
insulin injections/day (p < 0.001), 99 (20.3%)
LH+ and 249 (36.9%) LH— were on three injec-
tions/day p < 0.001), and the remaining patients
were on four injections/day [i.e., 380 (78.1%)
LH+ and 320 (47.6%) LH—; p < 0.001] The total
insulin dose was 65.5 + 10.6 IU/day in LH+ and
53.6 £ 9.51U/day in LH— (p < 0.05) subjects.
HbA1lc values were significantly higher in LH+
than LH- (8.6 £ 1.6% versus 7.3 + 1.0%,
respectively; p < 0.01) (Fig. 2). Fasting plasma
glucose was significantly higher in LH+ than
LH— (165.7 + 22.4 versus 133.6 + 18.7 mg/dL,
respectively; p < 0.05) (See Table 1).

Regarding injection habits, needle reuse was
significantly higher (up to > 5 times) in LH+
than in LH— [480 (98.5%) versus 58 (8.6%),
respectively; p < 0.0001] (Table 1 and Fig. 3).
Missing site rotation (94.0% versus 2.3%;
p <0.0001) and ice-cold insulin injection
(98.1% vwversus 25.5%; p <0.0001) were also
greater in LH+ patients. Moreover, 464/487
LH+ subjects (95.3%) injected insulin into LH

nodules and 289/487 (46.2%) LH+ subjects
versus only 46/673 (6.8%) LH— (p < 0.0001)
had one or more HYPOs.

Out of a total of 371 Hypos, 262 SeHs
(70.6%) occurred in LH+ versus 60/135 (44.4%)
in LH- (p < 0.01), while SyHs were less frequent
[i.e., 109/371 (29.4%) in LH+ versus 75/135
(55.5%) in LH—; p < 0.001]. Episodes of noc-
turnal hypoglycemia were all severe and signif-
icantly more frequent in LH+ than in LH— [112
(42.7%) versus 5 (20.0%), respectively;
p < 0.001] (Table 1 and Fig. 4).

In Table 2, we summarized the results of the
multivariate analysis of factors associated with
LH, which confirmed what was already known
from the literature, i.e., the significant associa-
tion with diabetes duration (CI 95% 1.22-2.63;
RR = 2.17), number of daily injections (CI 95%
1.86-2.91; RR = 2.38), high HbA1c levels (CI 5%
1.93-2-21; RR = 1.48), needle reuse (CI 95%
2.22-3.87; RR = 3.46), missing site rotation (CI
95% 2.89-4.90; RR =3.67), ice-cold insulin
injection (CI 95% 2.75-4.88; RR = 3.39), SeHs
(CI 95% 2.48-4.56; RR =3.49) and, notably,
night-time HYPOs (CI 95%, 1.87-3.49;
RR = 1.71).

Figure S refers to the question: “who taught
you how to correctly inject insulin?” It clearly
shows that healthcare providers (35% diabetol-
ogists, 5% GPs, 2% pharmacists, and only 8%
nurses) accounted for only 50% of the cases,
with a surprising 35% of patients unable to
remember educators, if any, and the remaining
15% stating to have got the necessary informa-
tion from disease peers. Interestingly, 75% of
LH- received education from healthcare provi-
ders, while 90% of LH+ learned from another
patient or could not remember how.

Finally, Fig. 6, referring to the question
“Who taught you where within the body to
inject insulin by rotating injection sites?” clari-
fies that only 48% claimed to have received
education by a healthcare professional (35%
diabetologists, 8% nurses, 3% GPs, and 2%
pharmacists), 10% from another person with
diabetes, and 32% by no one at all. In compar-
ison, 10% could not even remember any details.
Also, in this case, 68% of LH+ versus 52% of
LH— (p <0.01) patients had failed to receive
training on injection techniques by healthcare
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Table 1 Clinical characteristics and injection habits of the patients at enrollment

Overall LH+ LH— p-Value
Subjects N (%) 1160 487 (42.0) 673 (58.0) n.s
Sex (M/F) 552/608 284 / 203 273/401 -
Age (years) 60.6 £+ 9.0 619 £ 5.6 60.1 + 3.6 n.s
BMI (kg/m”) 324 + 35 314+ 72 327 +56 n.s
Diabetes duration (years) 158 £ 7.6 145 + 5.2 156 £ 7.5 n.s
Insulin treatment duration (years) 7.6 £22 72+ 3.1 77 £25 n.s
Two injections/day N (%) 112 (9.6) 8 (1.6) 104 (15.5) 0.001
Three injections/day N (%) 348 (21.3) 99 (20.3) 249 (36.9) 0.001
Four injections/day N (%) 700 (60.4) 380 (78.1) 320 (47.6) 0.001
Total daily insulin dose (IU) 61.6 + 123 65.5 &+ 10.6 53.6 + 9.5 0.05
HbAlc % (M + SD) 84 + 1.1 8.6 + 1.6 73 £ 1.0 0.01
Fasting plasma glucose (mg/dL) (M + SD) 151.6 + 266 165.7 & 224 133.6 + 18.7 0.05
Needle reuse N (%) 538 (46.4) 480 (98.5) 58 (8.6) 0.0001
Missing site rotation N (%) 501 (43.2) 485 (94.0) 16 (2.3) 0.0001
Ice-cold insulin injection N (%) 650 (56.0) 478 (98.1) 172 (25.5) 0.0001
Injection into LH nodules N (%) 464 (40.0) 464 (95.3) - -
HYPOs N and (%) of patients affected 332 (46.2) 289 (59.3) 46 (6.8) 0.0001
Overall HYPOS (N) 506 371 135
Mean range 0-1.2 0-2.7 0-0.9
Severe HYPOs N (%) 287 (56.7) 262 (70.6) 60 (44.4) 0.001
Symptomatic HYPOs N (%) 219 (43.3) 109 (29.4) 75 (55.5) 0.001
Nocturnal HYPOs N (% of total severe) 126 (43.9) 112 (42.7) 5 (20.0) 0.001

Data are presented as mean =+ standard deviation (M £ SD) or frequencies (%). Nocturnal hypoglycemic episodes were

only severe

providers, and only 12% of LH+ declared to
have been trained by healthcare personnel.

DISCUSSION

Several times in the last few years, our group
and other groups have outlined that educa-
tional deficiencies strongly affect the outcome
of insulin treatment through the ability to
identify LH and thus prevent their severe
metabolic consequences [6, 9, 10, 34, 38].

Unlike many other countries, where the edu-
cator figure is officially there, in our NHS, an
effective structured educational activity is on
individual, = spontaneous, nonremunerated
grounds. Such a phenomenon is also dependent
on substantial organization troubles affecting
multidisciplinary teams, especially in the pre-
sent COVID-19 pandemic requiring all possible
human and structural resources to shift pri-
marily toward acute problems. However, even
without considering the current viral pandemic
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and the differences between the various orga-
nizational modalities, the high average rate of
LHs is clear evidence of such a deficiency
[6, 10, 34, 38].

In the current study, in addition to providing
a further contribution to the LH field, we have
gone deeper into what patients on insulin know
or remember about correct injection techniques
and metabolic consequences.

Four hundred eighty-seven subjects with LH
(42%) and 673 without LH (58%) were identi-
fied in a cohort of 1160 type 2 diabetics on
insulin, crossing, for the first time, the thresh-
old of the DCUs participating in the study.
These rates are very close to those reported in

40
35

30
25 ——

20 ——

T anh

1 >1-3 >3 -5 >5

% INJECTORS

[y
(=]
'[

o wun

Fig. 3 Frequency of needle reuse (%)

the literature [38]. Our analysis also confirmed
that the main parameters associated with LH are
long duration of insulin treatment, a high
number of daily injections, repeated needle
reuse, missing site rotation, and ice-cold insulin
injection [6, 9]. The rate of hypoglycemia,
especially severe or nocturnal, also closely cor-
related with the presence of LH, and signifi-
cantly elevated HbAlc levels were present in
patients with LH compared with those without,
once again in agreement with literature data
[5, 10, 11, 38, 39]. This is disabling in itself, and
only the time and patience of healthcare per-
sonnel can enable progressive, yet slowly pro-
ceeding rehabilitation.

What surprised us much more, however, was
the poor memory that patients claimed to have
concerning professional figures involved in the
education on insulin injections. Indeed, 50% of
them had not referred to healthcare profes-
sionals for that. Moreover, they relied on their
peers with diabetes, thought to be more expe-
rienced in 15% of the cases. In particular, when
starting on insulin during a hospital stay for
causes other than diabetes—which happened in
43 LH+ (8.9%) and 68 LH— (10.2%) patients—
69% of the subjects reported no indications
whatsoever concerning insulin injection proce-
dures at discharge. Conversely, 70.7% of
patients (n = 116) discharged on insulin from
endocrinological wards [i.e., 58 LH+ (11.9%)
and 58 LH— (8.6%)] were not only taught how
to inject but also provided with the insulin pens
used during the hospital stay. In patients start-
ing in the hospital, the time interval between
discharge and the time of enrollment ranged
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Table 2 Multivariate analysis of factors significantly
associated with LH

Factors associated with LH

(95% CI) RR

Age (years) 1.00-1.19 0.88
BMI (kg/m?) 1.15-2.19 1.68
Diabetes duration (years) 0.78-1.08 0.79
Insulin treatment duration (years) 1.22-2.63 2.17
N of daily injections 1.86-291 2.38
Total daily insulin dose (IU) 1.93-2.21 148
HbAlc % (M + SD) 1.55-2.88 2.04
Fasting plasma glucose (mg/dL) 1.17-1 0.89
(M + SD) 97
Needle reuse (%) 222-387 346
Missing site rotation (%) 2.89-490 3.67
Ice-cold insulin injection (%) 2.75-4.88 3.39
Severe HYPOs (%) 2.48-456 3.49
Symptomatic HYPOs (%) 098-1.88 091
Nocturnal HYPOs (%) 1.87-349 171
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Fig. 4 Frequency of severe (371) and symptomatic (135)
total hypoglycemic episodes in LH+ (red columns) and
LH— (blue columns) subjects. Nocturnal episodes were all
severe

from 24 to 43 months. Our previous data on the
durability of education concerning correct
injection techniques did not exceed 6 months
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Fig. 5 Answers to the question “who taught you how to
correctly inject insulin?”
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Fig. 6 “Who taught you where within the body to inject
insulin by rotating the injection sites?”

[29, 30, 40]. From this, it is clear that a thera-
peutic intervention, even if well performed,
tends to be forgotten within a few months if not
repeated and reinforced constantly. As expec-
ted, the LH percentage was significantly higher
in subjects who had not received training from
healthcare professionals. However, the equally
alarming fact emerged that many patients do
not remember any specific educational training
upon hospital discharge.

These data coincide with a series of obser-
vations on the ability of doctors [12, 37] and
nurses [20-26] to diagnose, treat, and prevent
insulin technique errors in subjects with T2DM.
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The limits of this study are those typical of
all observational studies and, specifically,
depending on the level of understanding of the
questionnaire, albeit validated and adminis-
tered, when needed, with the supervision of
healthcare personnel supporting patients to
understand questions and provide required
answers without ever influencing the
completer.

CONCLUSIONS

On the whole, physicians lack an adequate
understanding of LH-related issues, especially in
primary hospitals. Urgent needs in primary
hospitals are as follows: increasing physician
awareness of LH, establishing standardized
diagnosis-treatment—care processes, and
screening and educating patients regularly to
rehabilitate patients otherwise left alone in
their disabling disease. Furthermore, nurses
have insufficient knowledge of appropriate
insulin injection techniques despite having a
good attitude and behavior towards injections.
Learning can directly or indirectly affect the
attitude toward insulin injection, indicating
that hospitals should formulate unified norms
and regularly organize training and assessment
courses to improve nurses’ knowledge, philos-
ophy, and behavior.
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