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Abstract: Lipodystrophy is the most common dermatological complication in patients with diabetes
on insulin therapy. Despite the high frequency of lipodystrophy, there are still several difficulties in
giving advice about avoidance into practice among children and adolescents with type 1 diabetes
and their caregivers. This cross-sectional study aims to evaluate the prevalence of insulin-induced
lipodystrophy in a cohort of pediatric patients with type 1 diabetes, to identify associated clinical
factors and to assess its influence on glycemic control. Two hundred and twelve patients attending
our Diabetes Center during a three-month period were enrolled. The presence of lipodystrophy
was assessed by inspection and palpation procedures. Demographic and clinical data including
type of treatment, frequency of rotation of insulin administration sites, and glucose metrics of the
previous 30 days were assessed and statistically analyzed. Prevalence of lipohypertrophy was
44.3%. Two patients were affected by lipoatrophy (0.9%). Improper rotation of insulin administration
sites and low awareness on lipodystrophy were associated to the occurrence of this skin condition
(p = 0.050 and p = 0.005, respectively). When comparing patients with and without lipodystrophy,
a significant difference in glycemic variability parameters was detected (p = 0.036 for coefficient of
variation, p = 0.029 for standard deviation score of glucose levels). Lipodystrophy still represents a
common complication in patients on insulin therapy. The present study reveals its negative impact on
glycemic variability. This finding emphasizes the importance of prevention strategies to minimize the
occurrence of this dermatological complication that may interfere with clinical history of the disease.
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1. Introduction

Type 1 diabetes (T1D) is a chronic disease that still represents a global public health
challenge. Health systems and researchers have been making noteworthy efforts to intro-
duce novel therapeutic tools aimed to optimize glycemic control and reduce the incidence
of long-term complications [1]. Over the last few decades, significant advances have been
made in the management of patients with T1D, with the advent of intensive insulin treat-
ment regimens [2], the introduction of new types of insulin [3], and technologic devices
such as insulin pumps and continuous glucose monitoring systems [4]. Despite numerous
benefits in the management of the disease, some barriers still exist. Among these, skin
reactions are increasingly reported and may hinder the achievement of optimal glycemic
control [5]. Lipodystrophy is the most common skin adverse effect [6]. This condition, af-
fecting subcutaneous adipose tissue, can be classified into lipohypertrophy and lipoatrophy,
which are characterized by different pathogenetic mechanisms and prevalence. Lipohyper-
trophy is more common than lipoatrophy [7] and is characterized by the local accumulation
of fat tissue in a subcutaneous insulin injection site. It appears as a thickened, swollen skin
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area, often associated with increased consistency on palpation [8]. Histological examina-
tion reveals the presence of adipocytes with increased size and containing multiple lipid
droplets [9]. Pathogenic mechanisms are still uncertain, but repetitive mechanical trauma
derived from needle use and local trophic effects of insulin might produce an excessive fat
tissue growth [10]. Lipoatrophy is clinically related to the occurrence of a visible cutaneous
depression in skin areas used for subcutaneous insulin administration. The pathogenic
mechanism is unclear, but immune-mediated damage has been hypothesized [11], and sev-
eral studies investigating the association with high insulin antibody blood levels [12] and
other concurrent autoimmune diseases (i.e., coeliac disease, Hashimoto thyroiditis) have
been conducted [13]. Other possible causes are repetitive mechanical trauma, cryoinjury,
and abscess formation [14]. Histologically, lipoatrophy is characterized by massive mast cell
infiltration. Lipodystrophy may affect insulin absorption in skin areas involved [15,16], re-
sulting in negative impact on blood glucose levels [17,18] and glycemic variability [16]. The
aims of our study are to evaluate the prevalence of lipodystrophy among pediatric patients
with T1D, to identify associated factors and to assess the influence on glycemic control.

2. Materials and Methods

In this cross-sectional study, we recruited children and adolescents with T1D attending
the pediatric diabetes outpatient service of our tertiary-care Centre (University Hospital
of Messina) from April to July 2021, for routine check-ups. The study was exempt from
ethical committee approval since it was confined to anonymized and unidentifiable data
routinely collected at our Diabetes Centre. Inclusion criteria were age < 18 years, dura-
tion of diabetes > 1 year and subcutaneous insulin therapy for a minimum of 6 months.
Exclusion criteria were partial clinical remission according to Hvidovre Study Group defini-
tion [19], presence of contact dermatitis or other T1D-related skin disorders different from
lipodystrophy, use of steroids or other drugs known to have a relevant impact on glycemic
control, and changes in insulin type treatment in the last 6 months. Patients enrolled were
assessed for the presence of lipodystrophy by two different evaluators at a single time
performing inspection and palpation techniques of the skin areas used for subcutaneous
insulin administration. To better identify lipohypertrophy, the palpation method was
aligned to the one proposed by Gentile et al. [20], consisting of a combination of accurate,
slow, horizontal, and vertical fingertip movements followed by pinching maneuvers. When
present, lipodystrophy was classified and recorded as lipoatrophy or lipohypertrophy.
Evaluators were not previously informed about the presence of lipodystrophy, insulin ad-
ministration habits, and grade of awareness of patients and their caregivers. The following
demographic and clinical data were collected: age, gender, duration of disease, auxological
parameters, type of treatment (multiple daily injections or continuous subcutaneous insulin
infusion), total daily insulin dose, last year mean value of glycated hemoglobin (HbAlc),
and application of topic creams to treat lipodystrophic lesions. Injection sites (abdomen,
buttock, thighs, and arms), number of daily injections, type of insulin, and needle length
of patients on multiple daily injections (MDI) were recorded. For patients on continuous
subcutaneous insulin infusion (CSII), data regarding brands and models of insulin pump,
insertion sites, replacement interval of infusion sets, and type of insulin were collected.
Glycemic control of enrolled patients using continuous glucose monitoring (CGM) or flash
glucose monitoring (FGM) systems was assessed. The following metrics related to the
last 30 days before the appointment were collected: mean and standard deviation score
(SDS) of blood glucose levels, time in range (TIR—time expressed in percentage in the ideal
range of glucose between 3.9 and 10 mmol/L), time above range (TAR—time expressed
in percentage above 10 mmol/L), time below range (TBR—time expressed in percentage
below 3.9 mmol/L), and coefficient of variation (CV) expressed in percentage. Only data
relating to a daily sensor use >60% were considered for statistical analysis. Finally, patients
and their caregivers were asked about their awareness and knowledge on lipodystrophy,
their routine on injection site rotation, and about any use of topical medications to prevent
or treat lipodystrophic lesions.
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Statistical Analysis

Numerical data were expressed as mean, standard deviation, median, and interquar-
tile range (Q1-Q3), and the categorical variables as absolute and percentage. The non-
parametric approach was used since the numerical variables were not normally distributed,
as verified by the Kolmogorov-Smirnov test. In order to identify possible significant dif-
ferences between patients with and without lipodystrophy, the Mann-Whitney test was
applied with reference to numerical parameters and the Chi-Square test with reference to
categorical variables. The same analysis was performed in the subpopulation of patients
using CGM systems. Univariate and multivariate binary logistic regression models were
estimated to identify significant predictors of lipodystrophy (yes or no): in particular, we
tested the influence of the following covariates: gender, age, duration of diabetes, body
mass index (BMI) Z-score, type of therapy, application of creams and rotation of injection
sites. The results were expressed as odds ratio (OR), 95% confidence interval (CI) and p-
value. In addition, multiple linear regression models were estimated to identify significant
predictors of glycemic variability, and the analyzed covariates were lipodystrophy, age,
gender, BMI Z-score, and therapy.

Statistical analyses were performed using IBM SPSS for Windows, Version 22 (Armonk,
NY, USA, IBM Corp.). A p-value < 0.05 was considered to be statistically significant.

3. Results

Our study population consisted of a cohort of 212 patients with a mild prevalence
of male subjects (58%). Mean age of study participants was 11.9 & 4.7 years. Duration of
disease was 4.8 & 3.4 years. At the time of the study check-up, the mean BMI Z-score was
0.72 £ 0.96. Ninety-two (43.4%) patients were on MDI therapy, while 120 (56.6%) used
insulin pumps. Overall, daily insulin dose was 0.84 £ 0.26 IU/kg. Mean value of HbAlc of
the preceding 12 months was 6.8 + 1.6% (53.9 £ 9.8 mmol/mol). CGM and FGM systems
were adopted by 151 (71.2%) study participants. The assessment for lipodystrophic lesions
revealed the presence of lipohypertrophy in 94 (44.3%) patients, of which 50 (23.6%) had
a single lesion and 44 (20.7%) had multiple lesions. Lipoatrophy was found in 2 (0.9%)
patients. Demographic, anthropometric and clinical data of the study participants are
summarized in Table 1. The great majority of patients along with their caregivers (90.5%)
showed awareness of lipodystrophies, their associated risks, and prevention strategies.

Table 1. Descriptive statistics for categorical (percentages) and numerical (mean £ SDS and interquar-
tile ranges) variables of the 212 patients included in study:.

Variables Percentage and Mean + SDS Median (IQR)
Age (years) 119 +47 12.9 (9.1, 15.7)
Gender
Male 123 (58%)
Female 89 (42%)
Duration of diabetes (years) 48+ 34 4(2;7)
BMI Z-score 0.72 = 0.96 0.78 (0.18; 1.39)
Insulin treatment type
Multiple daily injections 92 (43.4%)
Insulin pump 120 (56.6%)
Daily insulin dose (IU/kg/die) 0.84 £0.26 0.82 (0.70; 1.00)
Last year me?or/l)value HbAlc 68+ 16 7.0 (6.5;7.5)
Last year mean value HbAlc 5394908 53 (49; 58)

(mmol/mol)
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Table 1. Cont.

Variables Percentage and Mean + SDS Median (IQR)

Glucose monitoring system
Self-monitoring of blood glucose
Flash or continuous glucose
monitoring

61 (28.8%)
151 (71.2%)

Presence of lipodystrophy

Lipohypertrophy 94 (44.3%)
Single 50 (23.6%)
Multiple 44 (20.7%)
Lipoatrophy 2 (0.9%)
None 116 (54.7%)
Awareness of the problem
Yes 191 (90.5%)
No 20 (9.5%)

BMI: Body Mass Index; HbAlc: glycated hemoglobin.

3.1. Associated Factors

Anthropometric and clinical data on two subgroups of patients with and without
lipodystrophy are summarized in Table 2. A significant association between male gender
and the occurrence of lipodystrophy was found (p = 0.02). This finding was confirmed
by univariate and multivariate logistic regression models, which revealed a correlation
between male gender and lipodystrophy onset, with an almost doubled risk compared
to female patients (OR 1.89; 95% CI 1.053-3.394; p = 0.033). Lack of awareness on this
dermatological issue was associated with the occurrence of lipodystrophy (p = 0.005). A
significant association between improper rotation of insulin administration areas and pres-
ence of lipodystrophy was found (p = 0.050). No associations between lipodystrophy and
age, duration of disease, BMI Z-score, treatment type, or daily insulin dose were revealed.

Table 2. Comparison of anthropometric and clinical data among patients with and without lipodystrophy.

Lipodystrophy No Lipodystrophy p-Value
Number of patients 96 116
Gender
Male 64 (66.7%) 59 (50.9%) 0.020
Female 32 (33.3%) 57 (49.1%)
Age (years) 11.8 +48 121+ 4.6 0.673
Duration of diabetes (years) 52136 45+32 0.215
BMI z-score 0.62 £ 0.94 0.80 £ 0.96 0.165
Insulin treatment type
Multiple daily injections 47 (49.0%) 45 (38.8%) 0.137
Insulin pump 49 (51.0%) 71 (61.2%)
Rotation of
injection/ ‘22:“‘0“ sites 77 (80.2%) 104 (89.7%) 0.050
No 19 (19.8%) 12 (10.3%)
Awareness of the problem
Yes 81 (84.4%) 110 (95.7%) 0.005
No 15 (15.6%) 5 (4.3%)
Creams application
Yes 35 (36.5%) 34 (29.3%) 0.269

No 61 (63.5%) 82 (70.7%)
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Table 2. Cont.

Lipodystrophy No Lipodystrophy p-Value
Daily insulin dose
(IU/kg/die) 0.88 +0.25 0.81 £ 027 0.085
Last year mean value
HbA1c (%) 6.8+ 1.7 6.9+ 1.5 0.397
Last year mean value 5384 9.3 539 4103

HbA1lc (mmol/mol)
BMI: Body Mass Index; HbAlc: glycated hemoglobin. Significant p-values are marked in bold.

Among patients on MDI therapy, there was a significant association between length
of pen needles used and the presence of lipodystrophy (p = 0.039). Number of injection
sites, daily injections, and insulin type were not associated with lipodystrophy. When
considering patients using insulin pumps, we found a significant association between
the involvement of >2 insertion areas and the presence of lipodystrophy (p = 0.024). No
associations between lipodystrophy and other treatment-related factors including device
type, replacement interval of infusion sets, and insulin type were found.

3.2. Glycemic Control

Data on the glycemic control of patients using CGM or FGM systems are summarized

in Figure 1.
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Figure 1. Boxplots illustrating the comparison of CGM data among patients according to the presence
of lipodystrophy.
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Comparing patients with and without lipodystrophy, a difference in CV (p = 0.036)
and blood glucose SDS (p = 0.021) was detected. This finding was confirmed by a linear
regression model, which showed a direct influence of lipodystrophy on CV (B = 2.050;
95% CI 0.062—4.161; p = 0.027). Finally, the age-adjusted linear regression model further
confirmed a negative impact of lipodystrophy on CV, which was more evident in younger
patients (Table 3). Conversely, other data including TIR, TAR, TBR, mean blood glucose,
and last 12-month mean HbAlc were not influenced by the presence of lipodystrophy.

Table 3. Multiple linear regression models for the coefficient of variation.

Variables B 95% CI p-Value
Lipodystrophy 2.050 0.062-4.161 0.027
Lipodystrophy 2.113 0.026-4.199 0.047

Age —0.226 —0.441-0.012 0.039
Lipodystrophy 2.208 0.118-4.297 0.039
Age —0.225 —0.439-0.011 0.039
Gender 1.262 —0.812-3.337 0.231
Lipodystrophy 1.959 —0.164-4.083 0.070
Age —0.206 —0.424-0.011 0.063

BMI Z-score 0.024 —1.033-1.081 0.964
Lipodystrophy 1.953 —0.157-4.063 0.069
Age —0.158 —0.380-0.064 0.162

BMI Z-score —0.134 —1.192-0.924 0.803
Gender 1.455 —0.649-3.560 0.174
Type of therapy —2.229 —4.694-0.235 0.076

BMI: Body Mass Index; CI: confidence interval; Significant p-values are marked in bold.

4. Discussion

In our study, lipohypertrophy was present in 44.3% of children and adolescents
with T1D. This finding is consistent with similar studies on pediatric patients, which
showed a prevalence ranging from 37.5% to 56.8% [17,21-23]. Similarly, a recent meta-
analysis, which reviewed studies on both pediatric and adult patients, found a prevalence
of lipohypertrophy of 38% [24]. This rate appears to be slightly higher when considering
only pediatric populations [12,25]. Frequency of lipohypertrophy was similar in study
participants on MDI therapy and in those using insulin pumps, in accordance with previous
literature data [21,26].

Since the introduction of modern insulin analogues, the frequency of lipoatrophy
has drastically decreased [27]. The low prevalence revealed in our study reflects previous
literature data [23,28,29]. Our patients that presented with lipoatrophy were on CSII
therapy. Interestingly, a new rise of lipoatrophy incidence has recently been reported
among children using insulin pumps [30,31].

Our findings confirm that failure to rotate insulin injection sites is closely related to the
occurrence of lipodystrophy, as already demonstrated by previous studies [21,32,33]. The
latest International Society for Pediatric and Adolescent Diabetes (ISPAD) clinical practice
consensus guidelines on insulin therapy, including recommendations on administration
techniques, highlighted the paramount role of proper site rotations to prevent dermatologi-
cal complications [34]. Although patients attending our Diabetes Centre and their caregivers
are routinely educated to rotate insulin administration sites, some subjects disregard this
clinical recommendation, resulting in high susceptibility to onset of lipodystrophy.

According to our results, male patients present a higher risk of lipodystrophy. To our
knowledge, this evidence has previously been described in only one study [22], making
its significance uncertain and worthy of further investigations. Conversely, other patients’
demographical and clinical features such as younger age, lower BMI, and higher daily in-
sulin dose, which have been demonstrated as factors associated to increased lipodystrophy
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risk in other studies [22,26,35,36], did not influence the occurrence of lipodystrophy in our
study population.

Several experimental studies have identified lipodystrophy as a cause of impaired
insulin absorption [8,15,16,37]. Johansson et al. investigated differences between plasma
insulin profiles in patients after injections on lipohypertrophic tissue and on intact skin, and
found lower Cmax after administration through affected skin [37]. Another study found a
reduction in insulin absorption and a marked recurrence of postprandial glucose excursions
after injections on lipohypertrophic skin [16]. Some authors evaluated the influence of
lipodystrophy on glycemic control, by using HbAlc and hypoglycemic events as principal
outcomes [6,26,33,36,38]. However, findings from these studies are controversial and no
clear association between lipodystrophy and the above-mentioned parameters has been
shown. To the best of our knowledge, this is the first study that considers CGM metrics to
assess the influence of lipodystrophy on glycemic control. No association between lipodys-
trophy presence and variations of CGM metrics such as mean blood glucose, TIR, TAR,
and TBR was detected. These parameters, similar to HbAlc, are directly related to average
glycemic levels. Conversely, CV and blood glucose SDS, which are useful clinical targets to
evaluate individual glycemic variability, significantly vary in patients with lipodystrophy.
Specifically, we can assume that the presence of lipodystrophic lesions is related to an in-
crease in frequency and range of glycemic excursions due to alteration of insulin absorption
patterns. This results in a relevant negative effect on short-term glycemic variability of
patients with T1D. It is well-known that glycemic variability represents an independent
risk factor for micro- and macrovascular diabetic complications [39,40]. This evidence
emphasizes the importance of a complete awareness of patients and their caregivers about
this diabetes-related dermatological complication, as it markedly interferes with the clinical
history of the disease. The influence of lipodystrophy on glycemic variability appeared
more evident in younger patients. This finding might be explained by the reduced skin
surface available for insulin administration in these patients.

5. Conclusions

Despite recent advances in the management of diabetes and the rise of new tech-
nologies for insulin administration, lipodystrophy still represents a troublesome compli-
cation for children and adolescents suffering from T1D. The negative impact on glycemic
variability revealed by our study highlights the need of more efficient strategies for its
prevention, emphasizing the concept of proper insulin administration procedures at each
outpatient ambulatory.
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