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ABSTRACT
Introduction: The history of insulin-induced
skin lipohypertrophy (LH) runs parallel to that
of insulin’s 100 years, and an average of 47% of
insulin-treated patients still suffer from it today.
The metabolic and economic effects of LH are
significant, with hypoglycemia being the most
striking. The objective of the study was to perform a 52-week follow-up of 713 insulin-treated
patients with type 2 diabetes (T2DM) and LH to
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detect any differences in the occurrence of
hypoglycemic events (HYPOs) and related
healthcare costs as well as in LH rates and
injection habits between an intensive education
intervention group (IG) and control group (CG)
provided with a single educational session at
the starting point.
Methods: All participants were trained in
accurately self-monitoring blood glucose and
recording all HYPOs for 6 months, which
allowed baseline recordings before they were
randomized into the IG, comprising 395 insulin-treated subjects undergoing repeated, structured multimodal education on correct
injection techniques as a longstanding behavioral rehabilitation strategy, and the CG,
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comprising 318 subjects receiving the same
structured, multimodal educational session, but
only initially.
Results: Changes in LH rate and size and in
performance were large in the IG and only
slight and transient in the CG. A striking difference in the rate of decrease of HYPOs was also
apparent between groups. Indeed, estimated
costs of health interventions for severe and
symptomatic HYPOs, which were on the order
of €70,000 and €9300, respectively, in the two
groups at baseline decreased by 5.9 times and
13.7 times, respectively, at the end of follow-up
in the IG and by only approximately half in the
CG. Full details of the changes occurring as a
result of intensive education are provided in the
text.
Conclusions: The effect of only initial education in the CG was not significant, thus providing evidence of the virtual worthlessness of a
single training session on injection techniques,
typical of worldwide daily clinical practice, and
easily explaining the extremely high prevalence
of LH in insulin-treated patients. Conversely,
highly positive effects on LH prevalence and
size as well as costs expected from decreased
HYPO rate were obtained in the IG. To our
knowledge, ours is the first 18-month randomized trial in the field. If our experimental model
were to be used as an effective, longstanding
behavioral rehabilitation strategy and therefore
adapted to real-world settings universally, LH
prevalence and costs related to their clinical
consequences would be drastically reduced.
However, only with a strong, relentless commitment of universities, scientific societies, and
patient associations can we achieve this ambitious goal, which would provide great institutional savings and improved quality of life for
people with diabetes.
Keywords: Diabetes; Education; Economic
burden;
Hypoglycemia;
Lipohypertrophy;
Rehabilitation
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Key Summary Points
Lipohypertrophy (LH) is a complication
affecting almost 50% of insulin-treated
patients and is responsible for poor
metabolic control and hazardous,
unpredictable hypoglycemic events
(HYPOs).
In our study, a single education session on
correct injection techniques, which
reflects everyday clinical practice
worldwide, failed to improve unhealthy
habits or decrease the LH rate efficiently.
To our knowledge, our study was the first
18-month educational trial to show that a
relentless behavioral rehabilitation
strategy can sustainedly and dramatically
decrease LH-related prevalence of HYPOs.
If adapted to individual contexts, our
experimental model can dramatically
reduce the high costs of LH-related HYPOs
and improve the quality of life of insulintreated patients worldwide.

INTRODUCTION
Skin lipohypertrophy (LH) is a common complication of insulin therapy. LH is characterized
by the enlargement and proliferation of adipocytes in the subcutaneous tissue arising from
the anabolic effect of exogenous insulin exposure and enhanced fibrin production [1].
Repeated needle utilization, missed injection
site rotation, and ice-cold insulin administration are recognized LH risk factors [2, 3].
The prevalence of LH in persons with diabetes has been variably reported according to
the different methods used for case definitions
and study populations [4]. A recent meta-analysis of 45 studies reported a pooled prevalence
estimate of 41.8% (95% CI: 35.9–47.6%) in
insulin users [5], which, despite the
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considerable identification method-related
variability, showed the wide scale of the LH
issue.
Injections into lipohypertrophic tissue can
change insulin absorption and action [6–9] with
consequent sudden blood glucose elevations
[6], variability, and hazardous, unpredictable drops [7–10], presenting at least suboptimal metabolic control conditions [10, 11].
All these consequences have an economic
impact on the health system, as preliminary
data indicate that optimal insulin injection
habits reduce the daily doses—and therefore the
costs—of insulin by about 20% [7]. However, as
shown by our preliminary short report in a
small cohort of patients with Type 1 diabetes
mellitus (T1DM), decreasing the rate of only
one LH complication, i.e., hypoglycemia, could
have a great impact on health and social costs
[12].
Recently, our group published two papers on
the effects of education on subjects used to
injecting insulin into lipodystrophic areas: after
being trained again in correct injection techniques in two repeated 6-month follow-up
periods, the patients experienced a significantly
lower number and severity of hypoglycemic
episodes, consequently with less frequent
National Health System service utilization and
patient/caregiver absences from work [2, 3].
The aim of our study was to evaluate the real
economic burden of hypoglycemia before and
after education compared to the cost of educational training on correct injection techniques
in a large cohort of patients with LH for an
entire 12-month observation period, which to
our knowledge has never been done before.
Another endpoint was to assess the durability of
a single albeit structured and multimodal education session on correct injection techniques
reflecting typical real-life conditions.

METHODS
The study was designed as a two-arm, open-label, multicenter, randomized, 18-month casecontrol study. The study protocol was approved
by the Ethics and Science Committee of the
reference center, University Luigi Vanvitelli,

Naples,
Italy
(trial
registration
no.
120-16.02.2019), which serves as the central
reference ethics committee for all participating
diabetes centers contributing to the Nefrocenter
Research Network private consortium associated with the above-mentioned university and
supported by the National Health System (SSN).
Healthcare professionals (HCPs) were well
trained to accurately follow the study procedures. Considering the age of enrolled subjects,
the exclusion of CKD was based on serum creatinine levels within the normal range with
eGFR [ 75 ml/min/1.73 m2 and the absence of
macroalbuminuria.
The study was carried out following the
original Declaration of Helsinki and its subsequent amendments. T2DM patients were
enrolled in the study when regularly attending
any diabetes centers (DCs) involved in the
study, meeting the inclusion criteria, and giving
their informed consent to participate and have
their data anonymously published.
The inclusion criteria were follows: (1) diagnosis of T2DM and age 18–75 years, (2) absence
of severe disabling heart, renal, neoplastic, or
cognitive diseases assessed by the Mini Mental
State Examination, (3) at least 1 year of insulin
treatment, (4) no add-on oral hypoglycemic
therapy to exclude the bias a priori due to the
lower number of insulin injections per day most
often associated with it, (5) signed informed
consent, and (6) full hypoglycemia awareness.
Study Protocol
O 4719 consecutive insulin-treated subjects
with type 2 diabetes (T2DM) extracted from the
general database of our DCUs, 1238 met all
inclusion criteria. We selected 713 of them
(58%) having LH lesions of varying size, shape,
palpability, and texture for the study. In this
entire cohort, we calculated the economic value
of the health and social interventions required
by hypoglycemia in the 6 months of the prerandomization and 12 months of the post-randomization period.
At enrollment, in line with Nefrocenter’s
practice, participants received thorough and
structured educational training on how to
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perform self-monitoring of blood glucose
(SMBG) and systematic recording of light
symptomatic and severe hypoglycemic events
(SyHs and SeHs, respectively) in the 6 months
prior to randomization (T-6/T0). Hypoglycemic
events (HYPOs) were defined as symptomatic or
severe depending on whether they caused typical symptoms or required help from another
person/physician or even hospitalization as
previously described [12–15]. Data were recorded through a validated self-administered
questionnaire developed as part of the original
Worldwide Injection Technique Questionnaire
Study 2016 [17, 18] according to a salient,
nonintrusive, recent-past-oriented, well-established procedure [12, 13].
The number and severity of HYPOs, as
recorded through a validated patient recallbased method, were confirmed by glucose meter
recordings regularly downloaded to the dedicated digital CRF platform throughout the
study [16] as part of the entire daily SMBG
profile (both immediately before and 2 h after
breakfast, lunch, and dinner), required at least
once a week together with additional checks in
case of suspected HYPOs. Adherence to the
above protocol was rated as adequate with
C 80% successful data recording.
Only after that (at T0) were subjects divided
into the control group (CG) and intensive
training group (IG) through a random code
generator. The CG received only the initial
structured educational training on correct
injection techniques reported in extenso in
Supplementary Materials. The IG, instead,
received the same educational training at randomization (T0) and after 6 months (T?6)
together with a monthly refresher telephone
call concerning salient information on correct
injection techniques for the entire duration of
the study.
To reduce any possible bias related to different insulin preparations and variable costs
depending on manufacturers, we had all participants use KwikPens with the least expensive
insulin analogues at the national level, i.e.,
insulin lispro U-100 at mealtime and Abasaglar
(glargine biosimilar) at bedtime.
All patients performed a full visit at T–6, T0,
T?6, and T?12 months. The latter, including a
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careful injection site examination and an
ultrasound scan, allowed experimenters to fill in
the electronic case report form (eCRF) with
detailed injection habits and HYPOs.
Insulin Titration
As injecting into healthy skin areas leads to
more predictable insulin absorption than in LH
nodules [8], participants avoided HYPOs by
reducing their original DID by 20% as previously recommended according to their SMBG
profile [2, 3].
Education
All patients underwent structured therapeutic
education sessions on correct injection techniques, including regular injection site rotation,
avoidance of needle reuse, utilization of roomtemperature insulin, and accurate choice of LHfree injection sites according to a structured
protocol already described [2] and reported in
extenso in Supplementary Materials.
Costs
Healthcare resource utilization, loss of productivity, and other indirect cost items were
investigated through specific questions, as previously described [19]. We calculated costs
based on official NHS average reimbursement
price lists [19], including the following items:
physician home visit (PHV) = €25.82 [20];
emergency room (ER) visit and treatment = €241.00 [21]; emergency medical services (EMS) utilization = €128.50 per hour [22];
family member or caregiver (FMWD and CWD,
respectively) working day = €78.60 [23, 24].
Hospitalization cost (HC), obtained by multiplying the average length of stay (6.7 days) by
the average daily hospitalization cost DHC
(€750), was calculated as €5.025 [25]. We also
calculated cost changes (rather than actual
costs) of excess insulin administration required
by the presence of LH nodules by applying a
0.02426 €/unit conversion factor, i.e., the only
relevant one published so far to the best of our
knowledge [7]. Table 1S, Supplementary
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Materials, provides detailed costs related to all
health and social interventions, including those
due to patient/caregiver’s lost working days.

accepted for statistical significance. All evaluations were performed using the SAS program
(release 9.4, SAS Institute, Cary, NC, USA).

Statistical Analysis

RESULTS

Based on a previous interventional educational
study on LHs, HbA1c levels decreased by 0.58%
from baseline to the end of follow-up, with a
standard deviation of 1.35% [26]. So, after setting the two-sided significance level at p = 0.05
and the power at 90%, the minimum sample
size for each group was calculated to be 90
patients per group. However, we decided to
enroll and randomize all 723 T2DM patients
meeting the inclusion criteria to maximize data
availability.
The analysis of HYPO rates was purposely
conducted by comparing data from each of the
three 6-month study periods. We compared the
pre-randomization with the first and second
follow-up periods separately. This choice was
based on our previous studies (ISTERP1 [2], and
ISTERP-2 [3], respectively), showing that
behavioral changes followed a somewhat exponential trend so that overall performance, i.e.,
injection habits and metabolic parameters,
improved by [ 80% already after the first
6-month period, thus leaving participants with a
\ 20% chance to improve further after the full
structured educational refresher offered at T?6.
Patient characteristics were reported as
means ± standard deviations (SD) for continuous variables or number/percentage for categorical variables. The incidence rates (IRs)
within 95% confidence intervals (95% CI) of
SyHs and SeHs, expressed as the number of
subjects involved and the number of episodes
occurring per single subject, were calculated
according to the Poisson regression model.
Treatment and time-related differences were
tested for significance by the 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. The v2 test with Yates’s correction or
Fisher’s exact test was implemented to achieve
categorical variable differentiation. p \ 0.05 was

All 713 participants completed the study. Median adherence to overall SMBG data recording
was as high as 93% (range 87–100. As shown in
Table 1, no statistically significant differences in
general, clinical, and laboratory data or injection habits were detected between the two
groups. In the pre-randomization period (T-6/
T0), in agreement with our previous findings
[2, 3], the habit of injecting insulin into LH
nodules and overall (severe or symptomatic)
HYPOs were virtually the same, both averaging
85% in each group. The daily insulin dose (DID)
was also similar between groups (56 ± 12 and
58 ± 13 in the CG and IG, respectively).
Injection Habits
Figure 1 shows significant percentage changes
occurring in the IG compared to CG between
the pre-randomization and the first post-randomization period (T0/T?6). In particular,
needle reuse decreased by 95% vs. 34%, as did
all the following parameters: missing rotation
by 90% vs. 5%, ice-cold insulin injection by
75% vs. 30%, intra-LH injection by 98% vs.
40%, LH size by 65 [ % vs. 3%, DID by 21% vs.
4%, SeH rate by 96% vs. 7%, and SyH rate by
91% vs. 15%, respectively (p \ 0.0001). Figure 2
summarizes percent changes of the above
parameters at T?6 (blue bars) and T?12 (red
bars) vs. baseline (pre-randomization period) in
both groups, thus clearly showing that 55% of
LHs observed at baseline was no longer present
in the IG at T?12 while the astonishing
improvement attained at T?12 vs. T?6 stayed
virtually the same and even improved for both
LH size (97% reduction at T?12 vs. 67% at T?6,
p \ 0.001) and DID (24% reduction at T?12 vs.
21% at T?6, p \ 0.05). Contrarily, in the CG, all
parameters worsened by 2–4% at T?12 compared to T?6 on average.
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Table 1 Clinical characteristics and injection habits of the
CG and IG at enrollment
Control
group
n = 319

Intervention
group
n = 395

Male gender n (%)

167 (52.35)

211 (53.42)

Age (years)

62 ± 14

61 ± 19

BMI (kg/m2)

30.4 ± 7.21

30.72 ± 5.60

HbA1c (%)

8.32 ± 1.31

8.52 ± 1.10

DM duration (years)

12.51 ± 5.21 11.96 ± 7.5

Injections/day (n)

4

4

Insulin treatment
duration (years)

6.91 ± 4.22

6.53 ± 4.41

Daily insulin dose
(IU/day)

56 ± 12

58 ± 13

HYPOs (% of patients
affected)

85.85

85.32

Needle reuse (%)

92.20

91.27

Failure to rotate
injection sites (%)

94.31

93.61

Cold insulin injection
(%)

72.58

72.70

Waiting at end injection 14.13
(%)

13.18

Leaking drop after
injection (%)

85.37

87.22

Painful injection (%)

10.32

9.98

Injection into LH
nodules (%)

96.85

98.66

Injection habits n (%)

Hypoglycemia
During follow-up, a noticeably and significantly
reduced number of patients from the IG had
severe or symptomatic HYPOs (Table 2) compared to the pre-randomization period. However, this showed only a non-significant trend
in the CG. Therefore, differences between the
CG and the IG were highly significant in both
the first and second 6-month follow-up period
(p \ 0.0001).
Severe nocturnal HYPO rates were as follows:
(1) 34.83% in the CG vs. 36.46% in the IG
(p n.s.) during the T-6/T0 period; (2) 41.66% in
the CG vs. 31.57% in the IG (p \ 0.05) during
the T0/T?6 period; (3) 33.15% in the CG vs.
16.6% in the IG (p \ 0.001) in the T?6/T?12
period. Symptomatic HYPO rates were as follows: (1) 12.72% in the CG vs. 14.23% in the IG
during the T-6/T0 period; (2) 16.24% in the CG
vs. 10.86% in the IG (p \ 0.05) during the T0/
T?6 period; (3) 12.51% in the CG vs. 0% in the
IG during the T?6/T?12 period.
Table 3 shows the absolute number of
hypoglycemic episodes recorded in the two
groups during follow-up compared to baseline.
This analysis confirms the results in Table 2,
and shows a significant and progressive reduction of total hypoglycemic episodes in the IG vs.
CG in the first (97 vs. 349, respectively,
p \ 0.0001) and second follow-up period (37 vs.
391, respectively; p \ 0.0001) with an overall
rate averaging 1.16 and 2.41 episodes per capita.
Costs

Data are presented as mean ± standard deviation (M ±
SD) or frequencies (%). Daily insulin dose and % of subjects suffering from hypoglycemic episodes (HYPOs) were
evaluated in the 6-month period before randomization
(T-6/T0). No signiﬁcant differences were found between
groups
Painful injections are deﬁned as those causing symptoms
ranging from slight local discomfort to real pain

Table 4 describes the average cost of health
services, working days, and single insulin units
as calculated from official sources. It is immediately evident that utilization of emergency
services was the most frequent health intervention required from both the CG and IG in
the pre-randomization period. All interventions, including the latter, showed different
results during the follow-up in the two groups,
entailing significantly different costs at T?12.
Indeed. while a dramatic drop in costs was
apparent for SeHs (from €77,107.50 to
€13,045.50; D - 83.08%, p \ 0.00001) in the IG,
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Fig. 1 Comparison between the CG (blue bars) and IG
(red bars) in terms of percent changes in injection habits,
daily insulin doses, and hypoglycemic episodes (severe and
symptomatic) occurring after the ﬁrst 6-month follow-up
with respect to baseline (pre-randomization period). All
differences between the IG and the CG are statistically

signiﬁcant (p \ 0.0001). NR, needle reuse; MR, missing
rotation; CII, cold insulin injection; ILHI, intra LH
injection; DID, daily insulin dose; SeH, severe hypoglycemia; SyH, symptomatic hypoglycemia; LHSD, LH
size decrease

costs remained substantially unchanged in the
CG (i.e., from €69,245.00 to €68,349.40 (D
- 1.3%, p ns) (Fig. 3). Similar results were
observed for SyHs, with costs dropping from
€9327.0 to €678 (D - 92.7%, p \ 0.00001) in the
IG and staying unchanged (from €9246 to
€8013.4, D - 13.3, p ns) in the CG (Fig. 4). Until
T ? 12, costs further decreased in the IG while
only slightly decreasing (- 4.6% and - 20.1%
for SeHs and SyHs, respectively) during the first
semester with reversal of the trend (- 1.2% and
13.3% for SeHs and SyHs, respectively) after that
in the CG.
Based on the 24% reduction observed in the
IG and 4% reduction observed in the CG, an
overall 13.9 IU decrease in DID was calculated
for the IG versus a 2.2 IU decrease in the CG,
leading to annual savings of €123.26 per single
IG member and €2.2 per single CG member.
Although intrinsically modest, when reported
in huge numbers, i.e., 100 or 1000 subjects,
such figures represent a conspicuous saving in
insulin-related healthcare costs.

Factors Associated with Hypoglycemia
Table 5 shows the RRs resulting from a multivariate analysis involving factors significantly
associated HYPOs in subjects with LH, the most
relevant being large, mainly abdominal LH
lesions (for SeHs), ice-cold insulin intranodular
injections, not rotating the site, and needle
reuse. Injected insulin doses and the post-injection drop-leaking phenomenon are less
relevant.

DISCUSSION
To our knowledge, ours is the first 52-week, twoarm, open-label, multicenter, randomized, casecontrol trial aiming to compare the number and
costs of LH-related HYPOs caused by incorrect
injection techniques in two large cohorts of
subjects with insulin-treated T2DM undergoing
either (1) a long-duration, intensive educational
training or (2) a single, fully structured,
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Fig. 2 Comparison between the ﬁrst (T?6; blue bars) and
second (T?12; red bars) follow-up period in terms of
percent changes vs. baseline in injection habits, daily
insulin doses, and hypoglycemic episodes (severe and
symptomatic) within the only IG, showing that, despite
analyzed parameters keeping the same decreasing trend,

only LHSD decrease attained statistical signiﬁcance
(**p \ 0.01). NR, needle reuse; MR, missing rotation;
CII, cold insulin injection; ILHI, intra LH injection;
DID, daily insulin dose; SeH, severe hypoglycemia;
SyH, symptomatic hypoglycemia; LHSD, LH size decrease

multimodal training session at enrollment.
During the 6-month pre-randomization period,
both groups proved to have virtually the same
clinical features and to be similar in terms of
injection habits as well as HYPO number and
rates: this allowed reliable results to be analyzed
when comparing data from subsequent periods
and indeed made our study the first 18-month
trial in the field to our knowledge.
This subject has already been investigated by
other authors and our group in a much smaller
series and for no longer than 6 months
[2, 3, 26–28]. These initial experiences provided
some information on the effectiveness of education in the short term and, in our case, on
reducing HYPO-related costs. However, no one
has collected data for a more extended period so
far, and, above all, no one has investigated
time-related behavioral changes in subjects with
bad injection habits undergoing only one educational session. The latter, indeed, reflects

common real-life conditions due to the significant resource- and time-consuming efforts
required by continuous contacts with patients
for any intensive education program.
Our results allowed us to trace the typical
phenotype of the subject exposed to a significant risk of severe and symptomatic HYPOs, i.e.,
a subject with large LH lesions located mainly in
the abdominal area used to repeatedly inject
ice-cold insulin by the same needle directly into
LH nodules without paying attention to injection site rotation.
However, they also showed very clearly that
an intensive long-term educational approach
induced a significant behavioral change with a
consequent decrease in LH size and in SeHs
(- 72% at 6 and - 83% at 12 months), in contrast to the very modest and transitory effect of
a single educational intervention (- 4.0% at 6
and - 1.3% at 12 months); similar results were
also observed for SyHs, despite decidedly less
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Table 2 Comparison of subjects suffering from at least a single episode of HYPO (severe and symptomatic) in the various
6-month periods between groups, and at different time points, deﬁned as: A = T-6/T0 (pre-randomization period);
B = T0/T?6 (ﬁrst follow-up period); C = T?6/T?12 (second follow-up period)
Severe HYPOs

T-6/T0

Symptomatic HYPOs

Control
group
n. 318

Intervention
group
n. 395

p

Control
group
n. 318

Intervention
group
n. 395

p

55

58

n.s.

218

279

n.s.

(68.52)

(70.91)

207

34**

(65.93)

(8.61)

(A baseline) n. (%) (17.31)

(14.72)

T0/T?6

49

25*

(B period) n (%)

(15.41)

(6.32)
&

\ 0.001

11**&

\ 0.0001 215

T?6/T?12

48

5**

(C period) n (%)

(15.11)

(3.81)

(67.62)

(2.73)

*p vs. T-6/T0

n.s.

\ 0.0001

n.s.

\ 0.0001

&p vs. T0/T?6

n.s.

\ 0.0001

n.s.

\ 0.0001

prominent economic advantages due to lower
SyH requirements in terms of emergency services and hospitalization. This suggests that, in

\ 0.0001

\ 0.00001

the absence of continuous educational refreshers, subjects tend to turn back to the same
mistakes they made before and that a

Table 3 Compared HYPO (severe and symptomatic) number per person between groups and at different time points,
deﬁned as: A = T-6/T0 (pre-randomization period); B = T0/T?6 (ﬁrst follow-up period); C = T?6/T?12 (second
follow-up period)
Groups

HYPOs

T26/T0
(A = baseline)
Episode n

T0/T16
(B period)
Episode n

T16/T112
(C period)
Episode n

Control group

Severe n

89

72*

80

(n. 359)

Mean/person

1.61

1.46

1.66

Symptomatic n

316

277*

311

Mean/person

1.12

1.22

1.08

405

349

391

Total
Intervention group

Severe n

91

38**

12***&&

(n. 359)

Mean/person

1.56

1.52

2.10

Symptomatic n

308

59**

25***&&

Mean/person

1.10

1.73

2.27

399

97

37

Total

B vs. A: *p \ 0.05; **p \ 0.01: ***p \ 0.001; C vs. A: && p \ 0.01

Adv Ther (2022) 39:2192–2207

2201

Table 4 Average cost of health services, working day, and insulin UNITS, calculated on the basis of ofﬁcial sources
Acronym

Description

Cost (€)

References N

PHV

Physician home visit

25.82

[20]

ER

Emergency room visit and treatment

241.00

[21]

EMS

Emergency medical services utilization per hour

128.50

[22]

FMWD/CWD

Working day of family member or caregiver (mean)

78.60

[23, 24]

DHC

Average daily hospitalization cost

750

[25]

HC

Mean duration (6.6 days) of hospitalization

5.025

[25]

IUC

Cost/single unit

0.02426

[7]

In particular, it should be noted that the costs of health services are calculated at the minimum expenditure; as for the
regionalization of the National Health System, there are also considerable cost differences between the various regions

Fig. 3 Percent decrease of severe hypoglycemic events
between/within groups in the three study periods. In the
IG, it was markedly greater than in the CG (p \ 0.0001)
during the ﬁrst follow-up period (B) after randomization
(A) and only slightly greater (p \ 0.042) in the second one
(C). For within-group results, the decrease observed in the
IG was already impressive (p \ 0.0001) in the ﬁrst followup period (B) after randomization (A) and continued
(p \ 0.0001) during the second one (C) while the decrease

observed in the CG, besides being much smaller than in
the IG, followed an opposite trend, being much more
prominent (p \ 0.01) in the ﬁrst follow-up period
(B) after randomization (A) than in the second one
(C) [p \ 0.031 vs. A and p \ 0.05 vs. B). A = T-6/T0
(pre-randomization period); B = T0/T ? 6 (ﬁrst
6-month follow-up period); C = T ? 6/T ? 12 (second
6-month follow-up period). *p \ 0.05; **p \ 0.01;
***p \ 0.0001

longstanding behavioral rehabilitation strategy
is needed to obtain actual results.
The relevant economic benefits of an intensive educational program have to be considered

as well. For instance, health interventions
required by SeHs, which were on the order of
€70,000 at baseline in both groups, declined by
5.9 times in the IG while only halving in the
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Fig. 4 Percent decrease of symptomatic hypoglycemic
events between/within groups in the three study periods. It
was signiﬁcantly higher in the IG than in the CG
(p \ 0.0001) during the ﬁrst follow-up period, despite the
further decrease experienced by the IG in the following
follow-up period. For within-group results, the decrease
observed in the IG was already impressive (p \ 0.0001) in
the ﬁrst follow-up period (B) after randomization (A) and
continued (p \ 0.0001) during the second one (C) while

the decrease observed in the CG, besides being much
smaller than in the IG, followed an opposite trend, being
greater in the ﬁrst follow-up period (B) after randomization (A) (p \ 0.01) and dropping dramatically in the
second one (C) (p \ 0.01 vs. A and p \ 0.01 vs. B, yet).
A = T-6/T0 (pre-randomization period); B = T0/T ? 6
(ﬁrst six-month follow-up period); C = T ? 6/T ? 12
(second six-month follow-up period). **p \ 0.01;
***p \ 0.0001

CG. For SyHs, the initial cost of about €9300
decreased 13.7 times at the end of the follow-up
in the IG while only halving or so in the CG.
Also, the observed DID reduction by
24 IU/day/patient would account for an annual
saving of €123.26 per IG member, i.e., about 56
times that estimated for single CG members
(€2.2/person). Calculating these apparently
trivial annual differences to a larger scale, e.g.,
10, 100, or 1000 patients, savings could reach
impressive figures in a general context.
Many studies have already focused attention
on factors associated with hypoglycemia in
subjects with LH [2, 3, 7, 14, 26], such as rotation failure, needle reuse, ice-cold insulin
injection, injection into LH nodules. Our paper
fully confirms these observations and, for the
first time to our knowledge, while showing the
effectiveness of a 12-month intensive educational program, provides evidence that a single
educational session provides only marginal and
hardly any behavioral effects within 6 and
12 months, respectively. Unfortunately, our

data cannot identify the reasons behind ‘‘lost
adherence’’ to best injection practice recommendations. Therefore, we can only hypothesize laziness, depression, poor personal health
care, or inadvertent repetition of acquired
movements as factors behind longstanding
hard-to-break unhealthy habits. Indeed, apart
from long-term behavioral gains being quite
rare per se, many patients admitted injections
into LH lesions to be highly preferred because of
their painlessness because of partial repeated
trauma-dependent skin denervation [14].
Limitations
We are well aware that, especially for the IG, our
study protocol, despite being well suited for a
trial, is not easily adapted to real life. However,
we are equally aware that a strategy must be
identified to disseminate therapeutic paths
aimed at improving the current critical situation. Indeed, according to most recent literature
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Table 5 Multivariate analysis of factors signiﬁcantly
associated with severe and symptomatic HYPOs
(95% CI)

RR

Factors associated with severe hypoglycemia (SeH)
Diameter C 4 cm

2.24–5.37

3.38

Abdominal site

1.55–2.88

2.04

LH at the abdominal site

1.86–2.91

2.38

LHs at multiple sites

2.68–4.79

3.95

Needle reuse

2.22–3.87

3.46

Failure to rotate injection sites

2.89–4.90

3.67

Insulin dose [ 40 units/day

1.15–2.19

1.68

Ice-cold insulin

2.75–4.88

3.39

tool oriented to the prevention of LH and related complications [14, 28].
Therefore, in our view, the reduced economic burden on the NHS because of patients
being educated about correct injection habits
should encourage the international scientific
community to:
1.

2.

3.

Factors associated with symptomatic hypoglycemia (SyH)
LH at the abdominal site

1.22–2.63

2.17

LHs at multiple sites

1.85–2.78

2.39

Injection into LH nodules

2.59–5.98

4.21

Needle reuse

2.25–6.65

4.74

Failure to rotate injection sites

2.48–4.56

3.49

Insulin dose [ 40 units/day

1.93–2–21

1.48

Post-injection drop-leaking

0.98–1.88

1.21

Ice-cold insulin

2.06–3.98

2.58

reports, LH frequency averages 41.8% (95% CI:
35.9% to 47.6%) with 10 to over 60% range of
insulin-treated TDMs affected [5].

CONCLUSIONS
Our results provide evidence that insulin-treated subjects with T2DM need intensive education through regular refresher courses. So, based
on such lessons learned, clinicians should pay
much more attention to structured therapeutic
education on best injection practices than they
do now. In this way, they could provide people
suffering from this disabling chronic disease
with a valuable long-standing rehabilitation

4.

5.

work to obtain adequate reimbursement
from as many national regulators as possible for diabetes teams engaging in sustained
education programs;
have universities and scientific societies
update all healthcare providers on correct
injection techniques;
have physician and nurse groups disseminate adequate extracurricular knowledge
about correct injection techniques in all
care settings;
encourage manufacturers to add detailed
instructions on correct injection practice to
insulin leaflets and packages;
encourage Scientific Journal Editorial
Boards to perform a more careful analysis
of submitted papers dealing with lipodystrophies to avoid acceptance of methodologically
poor
manuscripts,
thus
preventing inexpert readers from being
misled by lacking, incomplete, or even
incorrect information (as already outlined
by our group many times) [4, 6, 14, 29, 29].

From the results we obtained, the goal of
decreasing the LH rate by an intensive, longstanding educational approach appears feasible.
To our knowledge, this is the first study to
evaluate the 52-week course despite massive
literature on LH lesions. The most accessed
bibliographic sources (mainly PubMed and
Embase) have many papers on lipodystrophies,
but research on LH is rare and is widespread in
at least half of insulin-treated patients. In
addition to frustrating care teams, this dire situation shows the lack of interest or inability of
health professionals to systematically address
and solve the problem of LH and its metabolic
and economic consequences. In 100 years of
insulin history, and of lipodystrophies [31], the
solution to the problem is still missing. So,
patients continue to inject insulin into LH
nodules, preventing insulin from effectively
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playing its role. As a consequence, we are still at
the starting point of the path that should lead
to the eradication of this frustrating, dangerous,
and expensive local complication of injection
therapy without being able to identify a winning strategy yet.
We are aware that this is a strong statement
and, for some, probably also irritating. However, in addition to the evidence derived from
our study, a recent survey conducted on a significant number of healthcare workers operating in primary, secondary, and tertiary Chinese
order hospitals confirmed our findings [33]. The
result of this survey is that [ 50% of the doctors
and nurses interviewed know about LH, but, in
most cases, they neither know about nor diagnose them, nor do they know how to implement the necessary procedures to prevent them
or to reduce their size and metabolic
consequences!
Our study shows that this war can be won,
but efforts in multiple sectors and a general
sharing of this goal are needed.
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