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ABSTRACT

Introduction: It is essential to use the correct
injection technique (IT) to avoid skin compli-
cations such as lipohypertrophy (LH), local
inflammation, bruising, and consequent repe-
ated unexplained hypoglycemia episodes (hy-
pos) as well as high HbA1c (glycated
hemoglobin) levels, glycemic variability (GV),
and insulin doses. Structured education plays a

prominent role in injection technique
improvement. The aim was to assess the ability
of structured education to reduce (i) GV and
hypos, (ii) HbA1c levels, (iii) insulin daily doses,
and (iv) overall healthcare-related costs in out-
patients with T2DM who were erroneously
injecting insulin into LH.
Methods: 318 patients aged 19–75 years who
had been diagnosed with T2DM for at least
5 years, were being treated with insulin, were
routinely followed by a private network of
healthcare centers, and who had easily seen and
palpable LH nodules were included in the study.
At the beginning of the 6-month run-in period
(T-6), all patients were trained to perform
structured self-monitoring of blood glucose and
to monitor symptomatic and severe hypos
(SyHs and SeHs, respectively). After that (at T0),
the patients were randomly and equally divided
into an intervention group who received
appropriate IT education (IG) and a control
group (CG), and were followed up for six
months (until T?6). Healthcare cost calcula-
tions (including resource utilization, loss of
productivity, and more) were carried out based
on the average NHS reimbursement price list.
Results: Baseline characteristics were the same
for both groups. During follow-up, the intra-LH
injection rate for the CG progressively
decreased to 59.9% (p\0.001), a much smaller
decrease than seen for the IG (1.9%, p\0.001).
Only the IG presented significant decreases in
HbA1c (8.2 ± 1.2% vs. 6.2 ± 0.9%; p\0.01),
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GV (247 ± 61 mg/dl vs. 142 ± 31 mg/dl;
p\0.01), insulin requirement (- 20.7%,
p\0.001), and SeH and SyH prevalence (which
dropped dramatically from 16.4 to 0.6% and
from 83.7 to 7.6%, respectively; p\0.001). In
the IG group only, costs—including those due
to the reduced insulin requirement—decreased
significantly, especially those relating to SeHs
and SyHs, which dropped to €25.8 and €602.5,
respectively (p\0.001).
Conclusion: Within a 6-month observation
period, intensive structured education yielded
consistently improved metabolic results and led
to sharp decreases in the hypo rate and the
insulin requirement. These improvements
resulted in a parallel drop in overall healthcare
costs, representing a tremendous economic
advantage for the NHS. These positive results
should encourage institutions to resolve the
apparently intractable problem of LH by finan-
cially incentivizing healthcare teams to provide
patients with intensive structured education on
proper injection technique.
Trial Registration: Trial registration no.
118/15.04.2018, approved by the Scientific and
Ethics Committee of Campania University
‘‘Luigi Vanvitelli,’’ Naples, Italy, and by the
institutional review board (IRB Min. no. 9926
dated 05.05.2018).

Keywords: Diabetes; Direct and indirect costs;
Education; Glycemic variability; Hypoglycemia;
Lipohypertrophy

Key Summary Points

Why carry out this study?

Incorrect injection technique is a
widespread phenomenon that can lead to
skin lipohypertrophy (LH) in insulin-
treated subjects with diabetes mellitus
(DM).

LH lesions cause significant clinical
problems that increase healthcare costs,
including those due to glucose variability,
hypoglycemic events, and excess insulin
utilization.

The aim of the study was to assess the
ability of a 6-month intensive, structured
patient education program to prevent
poor injection habits and related
complications and costs in a large group
of outpatients with type 2 DM.

What was learned from the study?

Intensive education led to consistently
improved metabolic results, a lower
insulin requirement, and—for the first
time—decreased overall healthcare costs
in the target population.

Such positive effects should encourage
institutions to resolve the apparently
intractable problem of LH by providing
healthcare teams with economic
incentives to carry out intensive,
specialized patient education on correct
injection technique.

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.13574384.

INTRODUCTION

Several literature reports published since the
1980s have suggested that injection technique
(IT) is as crucial to achieving glycemic control as
the type and dose of insulin delivered [1–6].

Injection technique encompasses a range of
procedures that are intended to facilitate the
most consistent and least painful delivery of
insulin into the subcutaneous tissue. It includes
considerations such as injection site and needle
length selection, the angle of needle insertion,
and skin fold lifting. The injection technique
applied can significantly influence the phar-
macokinetics (PK) and pharmacodynamics (PD)
of insulin. Hence, correct technique helps avoid
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skin complications such as lipohypertrophy
(LH), local inflammation, and bruising, as well
as metabolic consequences, including repeated
episodes of unexplained hypoglycemia (hypos),
high glycemic variability (GV), and high HbA1c
levels [7–13]. Injection site rotation across large
surfaces, avoidance of repeated needle reuse,
and 45� angling of[ 4 mm long needles into
the pinched skin are essential actions to avoid
the changes mentioned above and ensure opti-
mal insulin absorption [14–17].

Moreover, therapeutic efforts to keep gly-
cated hemoglobin (HbA1c) within target levels
quite often lead to an increased risk for hypo-
glycemia, especially in insulin-treated patients
[18]. Hypos, especially severe ones, have signif-
icant clinical, social, and economic impacts
[18]. From a clinical standpoint, they can cause
a broad set of symptoms ranging from general
discomfort to seizures and coma, or even sud-
den cardiac arrhythmic death or lethal brain
damage in the case of long-term glucose depri-
vation [19]. Therefore, it is crucial to inject
insulin correctly to prevent hypos caused by
improper injection technique. Notoriously,
besides increasing direct and indirect health
costs [20], repeated hypos severely affect patient
health by increasing cardiovascular and
dementia risk [21–24]. Mild symptomatic hypos
increase cardiovascular risk and elevate the risk
of all-cause hospitalization/mortality, resulting
in an excessive economic burden [24, 25]. GV
due to improper injection technique is also a
major cardiovascular risk factor in type 2 dia-
betes mellitus (T2DM) patients [26].

Nevertheless, given the high rate of LH
lesions reported in the literature
[5–7, 10–13, 17], it is reasonable to hypothesize
that most clinic visits are too brief to allow the
patient to be educated in the correct injection
technique, even though this is just as crucial to
effective diabetes management as discussions
about glucose control and dose adjustments
[27].

Conversely, health-related quality of life and
treatment satisfaction are correlated, and they
are affected by a complex interplay between
clinical and socioeconomic variables. Some
negative impacts on DM patient quality of life
are associated with the insulin treatment

strategy applied and perceived poor metabolic
control [28]. Anecdotal reports point out that
proper IT education reduces GV and hypos in
LH subjects [29, 30]. However, to the best of our
knowledge, there have been no randomized
studies involving sufficiently large patient pop-
ulations that have specifically addressed this
topic.

Based on these premises, we aimed to assess
the impact (if any) of providing repeated struc-
tured education sessions (SESs) to insulin-trea-
ted T2DM patients regarding their diabetes
control, and to investigate the effects of a typi-
cal improper injection technique as compared
to those of delivering a single SES to patients in
terms of chronic disease complications and
direct/indirect health costs [20, 25, 26].

METHODS

This study was designed to be a two-arm, open-
label, multicenter, randomized, case–control
study. It was approved by the Ethical and Sci-
entific Committee of the reference center
(University ‘‘Luigi Vanvitelli’’ Naples, Italy (Trial
Registration no. 118/15.04.2018), and by the
Institutional Review Board (IRB Min. no. 9926,
dated 05.02.2018). The study was also carried
out in accordance with the original Declaration
of Helsinki and its subsequent amendments.
T2DM patients were enrolled for the study if
they had been regularly attending any of the
eight diabetes centers (DCs) involved in the
study, they met the inclusion criteria, and they
gave their informed consent to participate and
to have their data published in an anonymous
manner.

The primary endpoints of our study were the
GV and the change in hypo rate, and the sec-
ondary endpoints were (i) metabolic control as
reflected in HbA1c levels, (ii) LH scale, size, and
texture, (iii) insulin daily dosage, and (iv)
overall healthcare-related costs as a function of
intensive educational effort for T2DM patients
who were systematically injecting insulin into
LH nodules.

All DCs were part of the Nefrocenter
Research Network in Southern Italy—a private
consortium supported by the National Health
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System in association with Naples University
‘‘Luigi Vanvitelli’’ for several clinical aspects,
including the ethics committee. The DCs used
the same electronic record system, diagnostic/
therapeutic procedures, and operating stan-
dards, adhering to the national program for
continuous quality improvement. Their
healthcare professionals (HCPs) were well
trained to follow the study procedures
appropriately.

All patients belonged to a large T2DM group
we had just finished screening for LH preva-
lence [31, 32]. Inclusion criteria were: (1) the
presence of insulin injection-related LHs that
were evident to sight and palpation (grade I for
flat, grade II for protruding) (Fig. 1) [31]; (2)
18–75 years of age; (3) diabetic for at least five
years; (4) receiving three to four pen-based
insulin analog injections per day (invariably
including one long-acting preparation) for the
last 12 months at least, with/without add-on
oral antihyperglycemic agents; (5) not using

add-on hypoglycemic agents; (6) no severe liver
disease or cancer; (7) free from dementia or any
other functional impairment affecting the
patient’s ability to adhere to the study protocol;
(8) no participation in any other clinical trial for
the previous three months; (9) performed self-
monitoring of blood glucose (SMBG) systemat-
ically for at least the previous 12 months via
data-download-enabled glucose meters; (10)
HbA1c level[ 5.5%.

A web-based clinical record form (eCRF)
served as a privacy-compliant repository for the
following clinical data: age, weight, height,
BMI, disease, and insulin treatment duration,
daily insulin dose (DID) and number of injec-
tions, latest HbA1c level, latest serum creatinine
level, diabetes complications (i.e., cardio/cere-
brovascular events, lower limb complications,
retinopathy, nephropathy, sensorimotor neu-
ropathy, autonomic neuropathy), chronic
noncommunicable diseases including cancer
that has been inactive for over 5 years, number

Fig. 1 Flow chart depicting the enrollment procedure for patients who had already been screened for LH lesions during a
previous study [31]. LH lipohypertrophy
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of severe or symptomatic hypos (SeHs and SyHs,
respectively) experienced during the past
12 months, and GV as previously described
[24, 31–33].

Patients were randomized into an interven-
tion group (IG) and a control group (CG)
according to a simple centralized randomiza-
tion system where blinding was achieved by the
envelope method.

Glomerular filtration rate (GFR) was calcu-
lated according to the Chronic Kidney Disease
Epidemiology Collaboration (CKD-Epi) for-
mula. LHs were identified according to a previ-
ously reported structured and validated
protocol [31–34]. The diagnosis of T2DM was
made/confirmed according to the criteria
defined by the ADA Standards of Medical Care
in Diabetes [35]. The IX International Classifi-
cation of Diseases, Clinical Modification (ICD-
9-CM, V82.9 2014) was used to define comor-
bidities or T2DM-related complications [36].

Hypos were defined as symptomatic or severe
based on whether they caused typical symp-
toms or required help from another per-
son/physician or even hospitalization, as
previously described [24, 31–33]. GV was cal-
culated from 21 home-based SMBG results col-
lected at least once a week, where
measurements were taken seven times a day
(before and 2 h after each main meal plus 4 h
after dinner) for three days, as previously
described [31, 37]. Number and severity of
hypos were also discerned from the SMBG
results for a series of 3-month intervals (i.e., the
T-6/T-3 interval, T-3/T0 interval, T0/T?3
interval, and T?3/ T? 6 interval), as confirmed
by a validated patient recall-based method [38].

At enrollment, 72% of the participants used
KwikPens with insulin lispro U-100 at mealtime
and Abasaglar� (glargine biosimilar) at bedtime.
These products are also the least expensive at
the national level. For both of these reasons, we
prescribed the products at their usual doses to
the other participants to avoid biases poten-
tially caused by the use of different pens or
insulin preparations. The BD Micro-Fine 4-mm
32G pen needle (Becton Dickinson, Inc.,
Franklin Lakes, NJ, USA) was utilized as per new
insulin delivery recommendations [16] to pre-
vent inadvertent intramuscular injections [39].

In addition, insulin, pens, and needle prescrip-
tions followed the NHS reimbursement rules
and criteria defined by the Italian Drug Agency
(AIFA).

The run-in period lasted six months (T-6).
At the start, all subjects were trained to perform
a structured SMBG and record SyHs and SeHs
systematically. Glucose meter recordings were
downloaded to the digital CRF platform at
3-month intervals, i.e., at T-6, T-3, T0, T?3,
and T?6 (see Fig. 2). At T0, all patients were
trained in proper IT and were equally random-
ized (n = 159) into either the CG or the IG. The
patients in the CG had no further refresher
courses until T?6. Conversely, the IG benefited
from another structured educational session at
T?3 and a monthly phone reminder during the
intermediate months (T?1, T?2, T?4, T?5; see
Fig. 2). We recorded general biochemistry,
HbA1c, hypo frequency and severity, GV, any
treatment-related adverse events, and hypo-re-
lated hospitalization in the eCRF at T-6, T0,
T?3, and T?6.

Education

Each general IT education group session
involved ten people, lasted approximately
60 min, and employed BD Educational Starter
Kits (Becton Dickinson, Inc., Franklin Lakes, NJ,
USA), comprising site rotation grids, educa-
tional injection technique leaflets, and a blood-
glucose log book. The LH ‘‘look and feel’’
teaching method made use of a BD Lipobox,
which provides visual and tactile clues for
identifying typical LH lesions.

After learning how to rotate injection sites
correctly and being instructed not to reuse
needles to avoid generating new LHs or wors-
ening existing LHs, all patients received a leaflet
with bullet points highlighting the role of IT in
optimizing glucose control through unaltered
insulin pharmacokinetics and pharmacody-
namics [31].

An individualized training session then fol-
lowed. This addressed real-life problems that
influence proper injection pen handling,
including cheiroarthropathy, dysphoria, and
reduced self-sufficiency. This stage focused on
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the relevance of (i) palpating the skin before
injection to evade thicker/stiffer sites or LH
nodules, (ii) keeping the pen button pressed
down for at least 10 s at the end of the injection,
(iii) performing all previously learned IT-related
maneuvers autonomously while exploiting any
cm2 of healthy skin sequentially, (iv) adjusting
the insulin dose as needed, and (v) using the
unexplained hypoglycemia and glycemic varia-
tion wheel developed by the Forum for Injec-
tion Technique (FIT) [40].

Trained HCPs tested participants for their
adherence to the three usual insulin titration
protocol rules (see below) using a validated
questionnaire that included the following four
closed answers: (1) no; (2) yes; (3) yes most of the
time; (4) no most of the time. Answers (1) and (4)
were recorded as ‘‘no;’’ the other two answers were
recorded as ‘‘yes,‘‘ as previously described [41].

At T-6, T0, T?3, and T?6, all patients per-
formed a full visit, which included a careful
injection site examination that allowed the
experimenters to populate the eCRF with
detailed information on injection habits and
hypos collected through a self-administered
questionnaire according to a salient, nonintru-
sive, recent-past-oriented, well-established, and
validated procedure [31, 32] developed as part

of the original Worldwide Injection Technique
Questionnaire Study 2016 [42, 43].

Insulin Titration

As injecting into healthy skin areas leads to
faster insulin absorption than injection into LH
nodules [13], participants reduced their original
DID by 20% to avoid hypos, as previously rec-
ommended [16, 37].

Based on arbitrarily defined criteria, SMBG
readings dictated fast-acting and basal insulin
dose adjustments as follows: (i) premeal insulin
doses were decreased or increased by 2 IU if the
corresponding 2-h postprandial glucose levels
remained lower than 100 or higher than 140
mg/dl, respectively, for three consecutive days;
(ii) bedtime basal insulin doses were decreased
or increased by 2 IU if the corresponding fasting
blood glucose values upon waking remained
lower than 100 or higher than 180 mg/dl,
respectively, for three consecutive days.

Costs

Healthcare resource utilization, loss of produc-
tivity, and other indirect cost items were

Fig. 2 Schematic of the study protocol. KP KwikPen, Hypos hypoglycemic episodes, GV glycemic variability, CG control
group, IG intervention group, SMBG self-monitoring of blood glucose
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investigated through specific questions, as pre-
viously described [24]. The cost calculation uti-
lized institutional and government sources and
was performed based on the average NHS
reimbursement price list [24]. Examples of
prices include: physician home visit
(PHV) = €25.82 [44]; emergency room (ER) visit
and treatment = €241.00 [45]; emergency med-
ical services (EMS) utilization = €128.50 per
hour [46]; working day of family member or
caregiver (FMWD and CWD, respec-
tively) = €78.60 [47, 48]. The cost of hospital-
ization (HC), obtained by multiplying the
average length of stay (6.7 days) by the average
daily hospitalization cost DHC (€750), was cal-
culated as €5.025 [49].

To calculate the cost changes (rather than
the actual costs) caused by insulin trapped
within LH nodules in our different study
groups, we employed the conversion factor
€0.02426 per unit, which was reported by our
Spanish colleagues and is—to the best of our
knowledge—the only relevant published con-
version factor [37].

Statistical Analysis

An educational intervention study of LHs
showed that the HbA1c level decreased by
0.58% from baseline to the end of follow-up,
with a standard deviation of 1.35% [27]. Thus,
by setting the significance level at a = 0.05 (two-
sided) and the power at 80%, the minimum
sample size for each group was calculated to be
80 patients. Allowing for a 10–15% dropout
rate, the required sample size increased to 90
cases per group. Nevertheless, we enrolled a
total of 318 subjects who matched the enroll-
ment criteria.

Patient characteristics are reported here as
the mean ± standard deviation (SD) for con-
tinuous variables or the number/percentage for
categorical variables.

SyHs and SeHs were expressed as incidence
rates (IRs) and 95% confidence intervals (95%
CI), and were evaluated using the Poisson
regression model. Repeated measures analysis of
variance (rANOVA) supplemented by the two-
tailed paired Student’s t test with 95%

confidence intervals for parametric variables
and Mann–Whitney’s U test for nonparametric
variables allowed the significance of differences
between experimental treatments and times to
be explored. The v2 test with Yates’s correction
or Fisher’s exact test was implemented to
achieve categorical variable differentiation.

p\0.05 was considered to imply statistical
significance. All evaluations were performed
using the SAS program (release 9.4, SAS Insti-
tute, Cary, NC, USA).

RESULTS

323 anonymized outpatients who consecutively
attended eight DCs for T2DM met the recruit-
ment criteria. Five subjects did not provide their
informed consent to participate in the trial, so
randomized enrollment involved 318 outpa-
tients with the general characteristics reported
in Table 1. 55 subjects had end-stage renal dis-
ease (ESRD) during the dialysis phase (32.81%);
they were managed in an integrated fashion
and followed up in the dialysis units connected
to the DCs.

All participants completed the study without
reporting any treatment/device-related adverse
effects. Good adherence was defined as record-
ing [ 80% of the measured data. Median
adherence to SMBG data recording was as high
as 92% (range 84–100%), and adherence to
hypo recording was also reasonably good. As
shown in Table 1, there was no statistically
significant difference in general, clinical, and
laboratory data or in injection habits or chronic
complication rates between the CG and the IG
at baseline. However, SyHs and SeHs occurred at
relatively high absolute and percentage rates at
T-6, and there was no apparent explanation for
these high rates of SyHs and SeHs during this
period in over 80% of cases. 9.2% of participants
in the CG and 9.6% of those in the IG had
nighttime SeHs (p n.s.)

The vast majority of patients presented high
GV, poor glycemic control, and vascular com-
plications. DIDs were very similar in the CG and
the IG (0.70 ± 0.09 IU/kg bw vs.
0.72 ± 0.08 IU/kg bw, respectively; p n.s.). As
expected, the CG and the IG showed very
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similar improper IT characteristics at T-6,
which included many of the mistakes listed
below. The most prevalent poor habits were
intra-LH injection (100% in both the CG and

the IG), postinjection drop leakage (97.5 vs.
99.4% in the CG and the IG, respectively),
bleeding (51 vs. 57% in the CG and the IG,
respectively), and ice-cold insulin utilization

Table 1 Clinical characteristics and injection habits of patients and controls at enrollment

Control group
n = 159

Intervention group
n = 159

Male gender n (%) 69 (43.40) 71 (44.65)

Age (years) 63 ± 12 61 ± 10

BMI (kg/m2) 29.4 ± 6.2 29.7 ± 5.7

HbA1c (%) 8.1 ± 1.1 8.2 ± 1.2

DM duration (years) 11.3 ± 5.7 11.6 ± 9.8

Injections/day (n) 4 4

Insulin treatment duration (years) 6.7 ± 7.2 6.5 ± 9.3

Daily insulin dose (IU/day) 56 ± 12 58 ± 13

Number (%) of patients affected by hypos 98 (61.64) 110 (69.18)

Glycemic variability (mg/dl) 249 ± 76 255 ± 56

Injection habits n (%)

Needle reuse n (%) 155 (97.48) 156 (98.11)

Failure to rotate injection sites n (%) 155 (97.48) 154 (96.86)

Cold insulin injection n (%) 115 (72.33) 113 (71.07)

Waiting at end of injection n (%) 17 (10.69) 16 (10.06)

Drop leakage after injection n (%) 155 (97.48) 158 (99.37)

Painful injection n (%) 13 (8.18) 1 (0.63)

Injection into LH nodules n (%) 159 (100) 159 (100)

Diabetes complications (%)

Cardio/cerebrovascular 28 (17.61) 29 (17.61)

Lower limb complications 13 (8.18) 13 (8.18)

Retinopathy 32 (20.13) 33 (20.75)

Nephropathy 28 (17.61) 27 (16.98)

Sensorimotor neuropathy 18 (11.32) 18 (11.32)

Autonomic neuropathy 9 (5.66) 10 (6.25)

The values presented are the mean ± standard deviation (M ± SD) or the frequency (%). There were no significant
differences between the control and intervention groups
a Subjects with at least one episode of hypoglycemia in the 4 weeks immediately before randomization; painful injections are
defined as those that caused symptoms ranging from slight local discomfort to intense pain
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(72.3 vs. 71.1% in the CG and the IG,
respectively).

However, Table 2 details the progressive
changes in injection habits that occurred over
time, especially in the IG, which showed a
dramatic drop in error rates. It is interesting to
note that, in both groups, the number of
patients that were still injecting insulin into
LHs during the follow-up period was always less
than the number who were doing so at baseline
(p\ 0.001), but the statistically significant gap
between the CG and the IG in the number of
patients that were still injecting insulin into

LHs progressively increased over time (47.9 vs.
4.4% at T?3 and 59.9 vs. 1.9% at T?6, respec-
tively; p\ 0.001).

All other parameters showed a similar trend,
including DID, which sharply decreased in the
IG vs. both the baseline and the CG
(p\ 0.0001); the DID on the CG remained vir-
tually stable through the study period (- 3.6%
difference vs. baseline; p n.s.). As seen in
Table 2, the DID values at T?3 were almost the
same as those at T?6 in the CG, but these values
were significantly different from those observed
in the IG.

HbA1c remained almost the same from
baseline to T?6 in the CG (8.1 ± 1.1% vs.
8.2 ± 1.0%, respectively; p n.s.) but decreased
significantly in the IG (8.4 ± 0.9% vs.
6.6 ± 0.9%, respectively; p\0.01) (Fig. 3).
Intermediate levels (i.e., at T?3) were 8.0 ± 1.1
in the CG and 7.3 ± 1.1 in the IG (p n.s. vs.
both baseline and the other group; not shown
in Fig. 3). The same behavior was seen for the
GV, which barely changed in the CG from T0 to
T?6 (249 ± 76 mg/dl vs. 255 ± 56 mg/dl,
respectively; p n.s.) but sharply decreased in the
IG from T0 to T?6 (247 ± 61 mg/dl vs.
142 ± 31 mg/dl, respectively; p\ 0.01) (Fig. 4).
At T?3, the GV dropped slightly to 233 ± 66 in
the CG and to 201 ± 59 in the IG as compared
to baseline (p ns vs. baseline and the other
group; not shown in Fig. 4).

As shown in Table 3, in the CG, SeH rates
throughout the study were statistically indis-
tinguishable: baseline, 16.35%; T?3, 12.58%;
and T?6, 13.84%. The same was true of the SyH
rates in the CG (83.65, 88.68, and 84.91%,
respectively). Conversely, in the IG, SeH and
SyH rates progressively dropped markedly
throughout the study; the rate at each time
point was significantly different from the base-
line level for the IG and from the corresponding
rate at that time point in the CG (p\ 0.001)
(i.e., SeH: 16.35% at T0, 5.66% at T?3, 0.63% at
T?6; SyH: 83.65% at T0, 41.51% at T?3, 7.55%
at T?6, respectively). Also, while the baseline
and final nighttime hypo rates in the CG were
very similar (9.2 and 8.7%, respectively), in the
IG the nighttime hypo rate dropped dramati-
cally from 9.6% to an astonishing 0.0% at T?6
(p\ 0.001; note that the relevant data are not

Fig. 3 Mean ± SD values of HbA1c in the control group
(CG) and the intervention group (IG) at T0 and T?6,
and significance of the observed differences. *p\ 0.01 vs.
IG T0; �p\ 0.01 vs. CG T0, and CG T?6

Fig. 4 Mean ± SD values of glycemic variability (mg/dl)
in the control group (CG) and the intervention group
(IG) at T0 and T?6, and significance of the observed
differences. *p\ 0.01 vs. IG T0; �p\ 0.01 vs. CG T0,
and CG T?6
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presented in figures or tables here in order to
keep the paper relatively concise).

Table 4 provides details regarding SeH-re-
lated costs, which initially were as high as
€22,950.2 in the CG and €28,075.2 in the IG,
but subsequently dropped due to decreases in
the hospitalization rate, ER requirement, and
HCP/FM help needed. The costs due to SyHs—
which were of course much more frequent than
SeHs—were also relatively high at T0 (€14,540.0
in the CG and €9507.2 in the IG). However, the
cost of SyHs remained virtually constant in the
CG throughout the follow-up period (costs due
to SeHs and SyHs were €24,084.2 and €15,769.2,
respectively, at the end of the follow-up period),
whereas the cost of SyHs dropped dramatically
over the course of the study in the IG (costs due
to SeHs and SyHs were €25.8 and €602.5,
respectively, at the end of the follow-up period;
p\0.001 compared to T0).

The daily insulin dose (DID) was almost the
same in the IG and the CG at T0 (58 ± 13 vs.
56 ± 12, respectively; p n.s.). However, in the
IG, it was significantly lower (p\0.001) at T?6

(46 ± 9 U, i.e., a 20.7% decrease at T?6) than at
baseline, and the DID in the IG was much lower
than than that in the CG at T?6 (54 ± 14,
i.e., 8 IU lower in the IG on average). Conse-
quently, at the end of follow-up, the daily
insulin cost per patient was significantly lower
in the IG than in the CG (by €0.02426/
IU 9 8 IU = €0.19408). Multiplying 0.194 by
365 days, we find that the education-related
insulin cost would decrease by €70.839/patient/
year, or a yearly saving of €70,839 for every
thousand patients who switch to the correct
insulin injection technique (see Table S1 in the
‘‘Supplementary Information’’).

DISCUSSION

Our study clearly shows the superiority of a
structured education intervention in which
refreshers are performed at regular intervals
between scheduled visits as compared to a sin-
gle initial structured education session in T2DM
patients with documented LHs due to incorrect

Table 3 Comparison of hypo rates (severe and symptomatic) at different time points (T0, T?3, and T?6) for the control
and intervention groups

T0
n = 159

T13
n = 159

T16
n = 159

D
T0 vs T16

p
T0 vs T16

Control group (n = 159)

Severe hypo n (%) 26 (16.35) 20 (12.58) 22 (13.84) - 4 (- 7.23) n.s.

Symptomatic hypo n (%) 133 (83.65) 141 (88.68) 135 (84.91) ? 2 (? 1.51) n.s.

Severe or symptomatic hypo n 159 159 153 - 6 (- 3.77) n.s.

Intervention group (n = 159)

Severe hypo n (%) 26 (16.35) 9 (5.66)a 1 (0.63)a, c, d - 25 (- 96.15)d 0.0001

Symptomatic hypo n (%) 133 (83.65) 66 (41.51)a, e 12 (7.55)a, d - 121 (- 90.97)d 0.0001

Severe or symptomatic hypo n 159 75a, d 13a, c, d - 299 (- 91.82)d 0.0001

Values shown in the table are the number (n) and percentage (in parentheses) of participants who suffered a hypo
a p vs T0\ 0.01
b p vs T0\ 0.05
c p vs T?3\ 0.01
d p vs CG\ 0.001
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injection technique. This repeated SES-based
intervention caused patients to not only recall
previous messages but, in particular, to correct
previously incorrect elements of injection
technique over the course of the study.

In the IG, metabolic control improved sig-
nificantly in terms of HbA1c level, GV, and
number of SyHs and SeHs, and there was a sig-
nificant reduction in DID over the course of the
study. This was obviously accompanied by a
dramatic drop in the number of intra-LH
injections. No such changes occurred in the CG
except for a transient nonsignificant improve-
ment in the abovementioned parameters that
occurred shortly after their single SES; this
improvement faded over time.

The composite endpoint represented by less
frequent hypos (and thus fewer treatment
interventions), lower DID, and improved
metabolic control led to markedly decreased
current health costs and future expenses due to
the lower expected complication rate.

A new aspect that emerged from our study
was the ability of repeated SESs to eliminate the
bad habit of injecting ice-cold insulin. We have
already shown that this habit contributes sig-
nificantly to LH formation but has been largely
overlooked in the literature so far [31, 32].

LHs have been the focus of renewed interest
from the scientific community in the last few
years, as witnessed by the many papers that
have recently been published on this topic.
However, as easily deduced by consulting the
main English-language scientific databases, this
interest has not extended beyond admitting
that clinicians have not yet been able to curb
this phenomenon. We therefore wanted to
design a study that would attract clinicians’
interest in LHs from a scientific point of view as
well as in terms of the practical benefits pro-
vided by suitable LH prevention, identification,
and treatment strategies. We believed that
clinicians would see the advantages of setting
up practical, structured education courses that
encourage patients to systematically adhere to
the correct injection technique if they were
proven to decrease the rate of hypos and to
improve GV, which would in turn reduce gen-
eral and health costs relating to the metabolic
complications discussed above.

The clinical relevance of the problem
addressed in this study was confirmed by a
recent rigorous euglycemic clamp study, which
showed that insulin injection into LH nodules
reduced insulin absorption by about 20–40%
and induced a three- to fivefold increase in
within-subject insulin uptake variability (CV%)
compared to injection into healthy adipose tis-
sue [13]. A standardized meal study also showed
that intra-LH injections reduce insulin uptake
and, not surprisingly, increase postprandial
glucose (PPG) levels by a clinically relevant
proportion [13]. Despite such clear findings,
published research into methods of reducing
the prevalence of this phenomenon is limited
and does not go beyond current training rec-
ommendations aimed at promoting regular site
rotation and avoiding needle reuse [12, 47].

LHs—which are extensively reported in the
literature—are quite frequent in DM patients,
although studies have reported a rather wide
range of occurrence rates, suggesting the pres-
ence of severe underlying methodological biases
[50–53]. This also suggests that, despite the
broad dissemination of updated guidelines in
the field [12, 50], clinicians may feel more
comfortable prescribing drugs than providing
correct insulin-handling advice [37]. Many
authors have concluded their papers by identi-
fying the need for greater efforts to educate
patients in how to suppress LH formation.
However, information on the real efficacy and
durability of correct injection technique edu-
cation is limited. A paper published in 2014 [27]
focused on the effects of a three-month period
of targeted and individualized injection tech-
nique training; the study, which involved 346
patients, indicated that the training led to
improved glucose control, greater treatment
satisfaction, better and more comfortable pro-
cedures, and lower required insulin doses.

Moreover, recent intervention studies have
proven that proper injection technique training
has positive effects on glycemic control and GV
in subjects with or without preexisting LHs
[25, 27, 29, 30]. The first paper, consisting of a
preliminary investigation in the form of a brief
report, paved the way to (i) a short-duration
uncontrolled study, (ii) a pilot trial, and finally
(3) another trial that was burdened by
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considerable biases induced by control group
contamination or ‘‘washing.’’ These studies
assessed the effects of correct injection tech-
nique education on small groups of patients
(i.e., 35, 75, and 95 patients, respectively) for
3–6 months. Thus, the cause-effect relationship
that links poor injection practice, LH, and gly-
cemic control has not yet been adequately
investigated. Indeed, the few papers that deal
with proper injection technique education
mostly focus on identifying the most effective
element of this education in terms of durable
behavioral changes and long-term adherence to
correct injection procedures [29, 30]. This
choice reflects the severe time constraints
imposed by the long list of patients in the
ambulatory setting, which heavily impact any
team’s ability—regardless of how expert and
willing they are—to perform comprehensive
injection technique education [31]. On the
other hand, nurses who participated in the
present study spent much of their time sys-
tematically searching for LH nodules and per-
forming LH identification-oriented patient
training. Such efforts explain the exemplary
achievements attained by the IG, and the results
of the study therefore show that complex and
multimodal injection technique education is
needed to substantially reduce bad injection
habits. The approach used in the present work
involved two phone calls at regular intervals
between two structured interventions occurring
at baseline and three months after that. This
structured education resulted in improvements
in injection technique and caused wrong atti-
tudes to progressively fade away, as demon-
strated by the 20% DID reduction—pointing to
healthy skin utilization instead of painless LHs
[16, 31, 37]. SeHs were almost entirely abolished
and HbA1c levels and GV were significantly
reduced. Exposing patients to only a single ini-
tial training session—albeit structured, com-
plex, and complete—yielded only partial and
transient results. After an initial improvement,
which was less prominent than that observed in
the IG, almost all of the measured parameters
had essentially returned to baseline in the CG
by the end of the study. Within the six-month
observation period of the present study, inten-
sive structured education was found to yield

consistently improved behavior and metabolic
results. The far greater avoidance of IT errors
during follow-up in the IG than in the CG
implies that frequent refresher courses are nee-
ded in clinical practice.

Improvements in injection technique were
also inferred in this study from a steady reduc-
tion in DID reduction, as also reported by other
authors [16, 25], and from the fact that injec-
tions became painful again due to the utiliza-
tion of healthy skin instead of denervated and
mistreated LH-hosting skin [31]. However, fur-
ther investigation is needed to explore the real
durability of the observed effects of proper
injection technique education. Our data also
suggest that, regardless of how multimodal and
intensive it is, a single education session will
only provide transient effects; as time goes by,
memories of the education session grow fainter,
making a return to injection errors more likely.
The reasons behind the need for regular top-up
education sessions are currently unknown.
However, it is plausible that established bad
habits can only be eliminated by long-term
repeated opposing action.

Furthermore, the substantial effect of intro-
ducing periodic injection technique education
sessions on the rate of hypos in the IG also has
positive impacts on both patient quality of life
(data not presented here; quality of life was only
explored based on anecdotes from the partici-
pants during the follow-up) and the already
documented costs of acute hypos and their
consequences [18, 25, 29]. Indeed, after our
intensive protocol, SeH-related costs dropped
dramatically from €28,075.2 to only €25.8 in
the IG, while SyHs-related costs decreased from
€9507.2 to €602.5. Both of these cost reductions
represent considerable savings.

Even though the cost of a single insulin unit
(conventionally set at €0.02426) is minimal, the
reduction in DID-related costs achieved via the
6-month injection technique educational pro-
gram actually represented a notable extra source
of savings, as already documented [25, 37].
According to a recent meta-analysis [54], this
particular source of savings is nonnegligible
considering that 38% of insulin-treated patients
have LH lesions. Given the national prevalence
of insulin-treated patients, a saving of €0.02426
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per insulin IU—resulting in a reduction of
€70.893 per person per year—would decrease
insulin-related costs to the NHS by at least
€70,839.20 per year per 1000 insulin-treated
patients who adhere to the correct injection
technique due to comprehensive IT education.

Also, according to the UKPDS [52, 53], the
complication rate drops significantly with every
unit decrease in HbA1c level, so the 1.7%
decrease in HbA1c level (from 8.4 ± 0.9% to
6.7 ± 0.7%, p\0.001) observed in the IG over
the course of the study represents yet another
source of savings.

Considering all of the above, besides
demonstrating the positive effects of an inten-
sive education program on metabolic control
(as also shown by previous studies conducted
on smaller populations, e.g., Grassi UK, Fran-
cia), our data provide the first evidence that
such programs have substantial beneficial eco-
nomic effects.

Limitations

Despite being essential to all insulin-treated
patients, we understand that not all diabetes
units can routinely adopt our training protocol
in real-life conditions due to its initial demands
on time and human resources. However, based
on our experience, we wish to emphasize that
HCPs can readily implement this education
protocol when staff have been trained to
implement it and when it is supported by a
well-organized activity timeframe that com-
pensates for the chronic shortage of staff in the
NHS.

Another limitation of our study is that it had
a relatively short duration, despite the large
number of patients involved. However, we
expect this limitation to become less of an issue
in the future, given that our investigation of the
effect of periodically repeated IT education is
ongoing.

CONCLUSIONS

It is regrettable that there is still a relatively high
prevalence of LH-affected patients, even though
insulin has been available for 100 years and

insulin formulations have progressively become
more sophisticated, user-friendly, efficacious,
and safe. All of these advantages are virtually
nullified by the altered insulin pharmacokinet-
ics and pharmacodynamics caused by injection
into LH. It is also frustrating that an enormous
number of RCTs of insulin preparations are
published yearly but there is very little discus-
sion of proper insulin utilization in terms of
optimizing the injection technique.

This is the first study to use a real-life mul-
ticenter approach to show that comprehensive,
repeated education of patients in proper insulin
injection technique (i) unequivocally improves
their technique and their know-why and know-
how regarding insulin injection and (ii) has
inherent economic advantages. We hope to
encourage more and more groups to incorpo-
rate suitable IT education protocols into their
daily routine, as this should improve the quality
of the healthcare provided by those groups,
enhance patient quality of life, and increase
professional satisfaction with patients’
achievements.
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Table S1. Daily insulin dose IU (M+SD) and costs (€/day) in the control and intervention group at baseline and during the follow -up.  
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Control 
Group 
n=159 

Intervention 
Group 
n=159 

Control 
Group 
n=159 

Intervention 
Group 
n=159 

Control 
Group 
n=159 

Intervention 
Group 
n=159 

Control 
Group 
  (%) 

Intervention 

Group 

  (%) 

 

T+6 vs T0 

Daily insulin dose IU (M+SD) 56±12 58±13 54±10 50±10 54±14 46±9 -3.6 -20.7 .001 

          

Daily insulin  costs   1.358€/day 1.407€/day 1.301€/day 1.213€/day 1.301€/day 1.115€/day - 0.57 -2.92   

1 IU of insulin = 0.02426€       



APPENDIX 2  

 

 

RISK OF UNWANTED INTRAMUSCULAR INJECTIONS AND NEEDLE LENGTH 

 

Compared to a 4-mm pen needle, as per national and international recommendations (1, 2), the use of longer needles increases the risk of intramuscular injections. 

 

 

 
 

Expected % of unwanted intramuscular injections as a function of needle length (while angling the device by 90° to the skin without any pinching maneuver). Source: ref.3 

modified.   
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