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The increasing use of technological devices for the management of diabetes is related to
the prolonged exposure of patients’ skin to chemical and mechanical agents and,
consequently, to the increased risk of developing dermatological complications. Among
these, contact dermatitis is the most insidious skin disorder. Despite the magnitude of the
issue, no universally accepted recommendations on the management of this common
complication are currently available. Our observational study aimed to describe all the
solutions adopted by patients and their caregivers to treat and prevent the appearance of
contact dermatitis and to describe the clinical impact of this cutaneous complication.
Twenty-one pediatric patients (mean age 12.1 + 3.7 years) with type 1 diabetes were
recruited in the study. The most common treatment used to treat acute skin lesions was
the application of topical corticosteroids, sometimes associated with topical antibiotics
(9.5%). In order to prevent the further appearance of dermatitis, the most frequently
adopted measure was the use of hydrocolloid and/or silicone-based adhesives, followed
by the application of protective barrier films. One patient reported benefit from the off-label
use of fluticasone propionate nasal spray. However, only 52.4% of the study participants
achieved a definitive resolution of the skin issue, and 38.1% of patients were forced to
discontinue insulin pump therapy and/or continuous glucose monitoring. No differences
were observed in glycated hemoglobin values between the period before and after the
onset of contact dermatitis. Our study confirms the severity of this dermatological
complication that may hinder the spread of new technologies for the management of
diabetes. Finally, our findings highlight the importance of establishing close collaboration
both with pediatric allergy specialists to prescribe the most suitable treatment and with
manufacturing companies to ensure that adhesives of technological devices are free of
harmful well-known sensitizers.

Keywords: allergic contact dermatitis, continuous glucose monitoring, continuous subcutaneous insulin infusion,
fluticasone nasal spray, irritant contact dermatitis, skin barriers, topical corticosteroids
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INTRODUCTION

Current advanced technologies for the management of type 1
diabetes (T1D) include the following categories: insulin delivery
systems, glucose-sensing technologies, and glucose-responsive
insulin delivery systems (1). Continuous glucose monitoring
(CGM) systems allow patients and providers to monitor
current glucose value in real-time, facilitate the achievement of
suboptimal glycemic control (2, 3) as well as increase parenteral
comfort and decrease fear of hypoglycemia (4). Two types of
CGM systems are currently available: real-time CGM (rtCGM)
and intermittently scanned CGM (isCGM), also called flash
glucose monitoring (FGM). Continuous subcutaneous insulin
infusion (CSII) therapy has been demonstrated to decrease
intraday glycemic variability and improve psychological
outcomes compared with multiple day injection (MDI) (5-7).
Furthermore, the most innovative technological devices (i.e.
hybrid closed loop and advanced hybrid closed loop), by using
an algorithm that automatically modify the basal insulinization
rate based on the expected glucose value, allow the achievement
of optimal therapeutic goals (8). All these devices are fixed to the
skin with an external adhesive patch. CGM systems are approved
to be worn for 7-14 days before replacement (1), while CSII
infusion sets should be replaced every 2-3 days (9). The extended
amount of time of wearing is related to the increased risk of
continued, repeated exposure to chemical and mechanical
agents. As a result, acute and chronic skin issues may appear
and impede comfortable use of these devices (10).

In the last few years, an increase of dermatological
complications related to the use of glycemic sensors and/or
insulin pumps has been observed. Some recent studies showed
that almost 50% of patients using technological devices for the
management of diabetes experience skin reactions including
eczema, itch, infections, scars, and lipodystrophies under the
adhesives of sensors and pump sets (11-15).

The most insidious among these cutaneous complications is
contact dermatitis (Figure 1). It is an inflammatory eczematous

skin disorder caused by contact irritants that produce irritant
effects inducing activation of innate immunity or by contact with
sensitizing substances that induce innate and adaptive immune
(T-cells) response. Clinical manifestations of contact dermatitis
(irritant and allergic) may include erythema, burning, itching,
stinging, bleeding and pain (16). In patients with diabetes,
contact dermatitis can be caused by the exposure of the skin to
potentially harmful chemicals included in the adhesives, plastic
catheters and housings of diabetes technological devices (17).
This dermatological complication has both a clinical and
psychological impact as it affects diabetes-specific emotional
distress, leading to a worsening of patients’ quality of life (18).

Despite the increasing number of both adults and children
with T1D who presented skin complications, there are few data
regarding the clinical impact on the management of diabetes
caused by the occurrence of contact dermatitis. Furthermore, no
universally accepted recommendations on the management of
this common complication are available thus far.

The aim of our monocentric retrospective observational study
was to describe all the solutions adopted by patients and their
caregivers to treat and prevent the appearance of skin
manifestations typical of contact dermatitis. Secondary aim
was to evaluate dermatological and glycometabolic outcomes.

METHODS

Our study included children and adolescents (aged 0-18 years)
with T1D followed at our Pediatric Diabetes Center, which is the
only recognized reference center in the Messina district for
diagnosis, treatment and follow-up of youth-onset diabetes. Each
patient, or alternatively one of the two parents if a minor, provided
their informed consent. The study was approved by the local Ethics
committee and conducted in accordance with the Helsinki
declaration. The only inclusion criteria for the study was the
presence of clinical history positive for skin reactions suggestive
of contact dermatitis due to insulin pumps and/or glycemic

FIGURE 1 | Three cases of contact dermatitis caused by adhesives contained in continuous glucose monitoring devices.
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sensors. The exclusion criteria were the presence of partial clinical
remission according to the Hvidovre Study Group definition
during the entire study period (19), and the use of measures
aimed to treat or prevent contact dermatitis <3 months.
Anamnestic data included demographic characteristics (age, sex,
race), diabetes duration, presence of atopic comorbidities, insulin
treatment type, duration of the use of insulin pumps, FGM or
CGM, brand and model of insulin insertion sets and/or glycemic
sensors, timing of appearance of skin reactions. All the participants
undertook a physical examination with particular attention to skin
integrity. Patch testing with specific allergens belonging to resin
and acrylate classes were carried out. Acute and preventive
treatments were prescribed on the basis of each patient’s clinical
history (e.g. results of patch test, type and severity of contact
dermatitis), and according to the clinical experience of pediatric
allergy specialists of our Department. To evaluate the impact of
contact dermatitis on glycemic control, the one-year mean values
of glycated hemoglobin (HbA1c) before and after the appearance
of skin lesions were compared using the Wilcoxon-signed rank test.
Quantitative variables were described using mean and standard
deviation. Categorical variables were described as absolute
frequencies and percentages. Statistical analyses were performed
using IBM SPSS Statistics for Windows, Version 22 (Armonk, NY,
IBM Corp.). The significance threshold was set up to 0.05.

RESULTS

Out of 252 patients with T1D using technological devices and
followed at our Pediatric Diabetes Center, 21 (61.9% males) were
recruited for the study. Demographic and clinical characteristics
of our study cohort are included in Table 1. Mean age of the
study population was 12.1 + 3.7 (range 7-18) years and mean
duration of diabetes was 6.4 + 3.3 (range 3-18) years. Atopic
history was present in 47.6% of our patients. Patch test was
positive in 12 patients (57.1%). More than half the patients had
early onset of contact dermatitis, within 3 months of starting use
of the patch pump and/or glycemic sensor.

TABLE 1 | Anamnestic and clinical data of our study cohort.

Age (years) 121 +£ 3.7
Gender
Male 13 (61.9%)
Female 8 (38.1%)
Diabetes duration (years) 6.4 +3.3
Atopic predisposition
Yes 10 (47.6%)
No 11 (52.4%)
Age at the onset of contact dermatitis (years) 9.2+34
Time of appearance of contact dermatitis
0-3 months 12 (57.1%)
3-6 months 1(4.8%)
6-12 months 2 (9.5%)
>12 months 6 (28.8%)
Patch test
Positive 12 (57.1%)
Negative 9 (42.9%)

TABLE 2 | Relationship between contact dermatitis and the total number of
patients using technological devices and followed in our Diabetes Centre.

Device for diabetes Total users Frequency of
management skin reactions
Medtronic® insulin pump 92 10 (10.9%)
Enlite® glycemic sensor 90 15 (16.7%)
Omnipod® insulin pump 36 3(8.3%)
Libre® glycemic sensor 54 5 (9.3%)
Dexcom® glycemic sensor 110 4 (3.6%)

Some patients wore more than one device and experienced skin reactions due to different
brands of glycemic sensors and/or insulin pumps.

Skin issues were mainly present in subjects wearing Enlite®
sensor (16.7% of total users). Table 2 summarizes the
relationship between the appearance of contact dermatitis and
the total number of patients using different technological devices
followed in our Diabetes Centre.

The most common treatment used to treat acute skin lesions
was the application of topical corticosteroids (57.1%), sometimes
associated with topical antibiotics (9.5%). Some patients used
soothing/emollient creams (23.8%) and more rarely topical
antihistamines (9.5%).

To prevent the occurrence of further skin reactions, about
57% of patients used hydrocolloid and/or silicone-based plasters,
such as Eurofix® (Eurofarm, Belpasso, Italy) and Suprasorb® H
(Lohmann & Rauscher GmbH & Co., Neuwied, Germany) to
protect the skin before the application of insulin infusion sets or
glycemic sensors. Another recurring solution was the application
of protective barrier films, such as Askina® barrier film
(B. Braun, Melsungen, Germany), Brava® skin barrier spray
(Coloplast, Humlebzek, Denmark), and Cavilon® spray (3M,
Saint Paul, Minnesota, United States) to confer a shield against
offending agents, associated with the application of supplemental
plasters. Finally, one patient used fluticasone propionate nasal
spray to preserve skin areas a few minutes before the culprit
device insertion. As reported in Table 3, clinical responses to
these protective tools were heterogeneous. Despite any
preventive measures adopted, 47.6% of our study population
had a negative dermatological outcome. Consequently, 38.1% of
patients were forced to discontinue insulin pump therapy and/or
continuous glucose monitoring. Regarding glycemic control,
evaluated through analysis of the one-year mean values of
HbAlc, no differences were observed between the period
before and after the occurrence of contact dermatitis (p-value
= 0.898) (Table 3).

DISCUSSION

Contact dermatitis can be divided into two subtypes: irritant
contact dermatitis (ICD) and allergic contact dermatitis (ACD).
ICD is a nonspecific response of the skin to direct chemical
damage that releases mediators of inflammation from epidermal
cells, while ACD is a delayed, type 4 hypersensitivity reaction to
exogenous contact antigens, that induces immunological
responses due to the interaction of cytokines and T cells.
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TABLE 3 | Therapeutic and preventive measures for the management of contact
dermatitis and clinical outcomes.

Acute treatment for contact dermatitis

Topical corticosteroids 12 (57.1%)
Topical corticosteroids + antibiotics 2 (9.5%)
Topical antihistamines 2 (9.5%)
Soothing/emollient creams 5 (23.8%)
Preventive measures adopted
Application of hypoallergenic adhesives 12 (57.1%)
Application of skin barrier spray 6 (28.6%)
Application of hypoallergenic adhesives + skin barrier spray 2 (9.5%)
Use of fluticasone spray 1(4.8%)

Dermatological outcomes related to the use of different
preventive measures

Resolution with hypoallergenic adhesives 7/12 (568.3%)

Resolution with skin barrier spray 3/6 (60%)
Resolution with hypoallergenic adhesives + skin barrier spray 0/2 (0%)
Resolution with fluticasone spray 1/1 (100%)

Resolution with any preventive measures
Discontinuation of CSIl and/or CGM systems

11/21 (52.4%)

Yes 8 (38.1%)
No 13 (61.9%)
Last year HbA1c mean value (mmol/mol) before the onset of 49.7 £ 9.1
contact dermatitis p=0.861

First year HbA1c mean value (mmol/mol) after the onset of 49.7 £ 8.3

contact dermatitis

Results are presented as absolute frequencies and percentages for categorical variables,
as well as mean and standard deviation for numerical data.

The bold p-value represents a comparison between the “last year HbA1c mean value
before the onset of contact dermatitis” and “first year HbA1c mean value before the onset
of contact dermatitis”.

Although some features (e.g. the timing of onset of the rash, the
spread of lesions, patch testing responses) may be helpful to
distinguish between ACD and ICD, differential diagnosis is
usually hard (20). Nevertheless, these two different subtypes of
contact dermatitis are not mutually exclusive as destruction of
the skin barrier induced by ICD can increase antigenic exposure
and exacerbate the appearance of ACD (21). Patch testing
represents the diagnostic gold standard of ACD (22), but
sensitivity is approximately 70% (23). The validity of a patch
test may be altered by inadequate concentrations of the tested
substances (24). Patch testing is useful to define the exact
etiologic diagnosis and, thus, to identify the culprit allergens.
Several studies have revealed that the allergens most frequently
responsible of ACD are isobornyl acrylate and N-N
dimethylacrylamide which were detected within sensors, such
as FreeStyle Libre®, Dexcom® and Enlite®, and Omnipod®
insulin pumps (25-30). Another common allergen cause of
contact dermatitis is colophonium, contained in the Enlite®
sensor and Ornnipod® (25, 31, 32). Unfortunately, fully,
detailed information on the adhesives used in infusion sets and
sensors is rarely available: adhesive manufacturers are often
reluctant to disclose their exact composition. Furthermore, in
producing these devices, different materials can be mixed
together, making it difficult to identify which component
contained in the adhesive tapes induces contact allergy.
Accurate knowledge of potential allergens is fundamental to
minimize the risk of false negatives when performing patch
testing. The prevalence of ACD caused by technological

devices in T1D patients has not yet been well established.
Studies available in the literature have shown heterogeneous
rates varying from 5.5 to 8.4% (24, 33, 34).

The choice of the most suitable treatment for acute skin
lesions is not easy and varies according to the subtype of contact
dermatitis. Most of our study population use topical
corticosteroids often associated with local application of
antibiotics. Topical corticosteroids represent the gold standard
for the treatment of ACD, but their prolonged use can cause
epidermal atrophy, damage the skin barrier, and increase
sensitivity to irritants (35). According to recent evidence, the
first-line treatments of ICD consist of physical protection of skin
and protective cream/emollient as prescribed to 23.4% of our
patients. The use of topical antihistamines should be reserved for
the management of mild skin reactions suggestive of irritant
contact urticaria, which is clinically characterized by a typical
response to the eliciting dose with wheal, flare, and itching on the
skin at the site of contact (22, 36). In some cases, the application
of topical antibiotics may be helpful to reduce the risk of bacterial
infections (37). Moreover, the use of systemic corticosteroids is
needed in the presence of concomitant extensive lesions (22, 36).
Therefore, the prescription of acute treatment should be
personalized to the patient, and close collaboration with a
pediatric allergy team with wide experience in both clinical and
diagnostic aspects of contact allergy is desirable (38).

Several tools to prevent the appearance of dermatological
complications have recently been put forward. Messer et al.
proposed a practical guideline to preserve the skin integrity of
diabetic patients who chronically use devices for the management of
the disease. The authors focused on the importance of correct device
placement, good skincare, careful patch removal, and promoting
healing of the skin affected by lesions. In addition, they suggested the
use of some techniques to minimize the risk of hypersensitivity
reactions (21). Among these, the use of potentially hypoallergenic
patches was the most frequently reported in our study. It consists of
the application of hydrocolloid and/or silicone-based plasters used
to block adhesives from sensors and pumps from direct contact with
the skin. Unfortunately, hydrocolloid may contain colophonium-
like derivatives, thus they are not indicated in colophonium-
sensitized individuals. Liquid or spray barrier films were also
commonly used in our study. These products are applied before
the insertion of insulin pumps or glycemic sensors and can offer
sufficient protection from offending agents contained in adhesives.
However, other studies showed that the use of barrier sprays is quite
limited and some patients often experience incomplete and
transient benefits, especially in cases of contact dermatitis due to
glycemic sensor that are worn on the skin for up to 14 days (33).
Another interesting preventive solution is the off-label use of
fluticasone propionate nasal spray, a steroid commonly used to
treat acute rhinitis. Recently, Paret et al. reported the benefits of
applying fluticasone propionate spray to the skin lesions of 12
patients with skin disease related to the use of CGM systems. The
authors demonstrated that the administration of two puffs of this
nasal steroid to the skin area before positioning the glycemic sensor
was useful to prevent the occurrence of local irritation or dermatitis.
Moreover, no significant metabolic or glycemic deterioration was
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reported (39). Only one patient of our study cohort used fluticasone
propionate nasal spray with satisfactory results. Randomized
controlled trials with long-lasting follow-up are awaited to
evaluate the effectiveness and safety of this preventive measure.

Regarding glycemic outcomes, no differences in HbAlc values
were found between the period before and after the onset of skin
lesions. However, this finding does not allow to rule out a potential
relationship between contact dermatitis and worse glycemic control.
As is known, HbA1c reflects average glucose levels of the previous
2-3 months, but does not identify the magnitude and frequency of
glucose variation. Other glucose metrics extracted by analysis of
CGM systems (i.e. time within range, time below range, time above
range, and coefficient of variation) are currently recognized as
appropriate and useful clinical targets that complement HbAlc in
the evaluation of glycemic control (40). Unfortunately, these data
could not be evaluated as some patients had to discontinue the use
of CGM systems due to skin complications. Indeed, the most
alarming result of our study is related to the relatively high rate of
patients (38%) who were forced to discontinue the use of CSII and/
or CGM systems. Despite different preventive measures, the most
severe cases of contact dermatitis still remain unresolved and
avoiding offending agents contained in the adhesives of
technological devices represents the only available therapeutic
choice. Therefore, close contact between diabetes specialists and
manufacturers should be established to minimize the use of some
well-known sensitizers in the adhesives.

In conclusions, contact dermatitis is a fairly common
dermatological complication in patients with T1D and it may
represent a serious hindrance to the increasing spread of new
technologies. Despite the magnitude of the issue, there are no
clear, universal recommendations on the most suitable

REFERENCES

1. American Diabetes Association. 7. Diabetes Technology: Standards of
Medical Care in Diabetes-2021. Diabetes Care (2021) 44:S85-99. doi:
10.2337/dc21-S007

2. Laffel LM, Kanapka LG, Beck RW, Bergamo K, Clements MA, Criego A, et al.
Effect of Continuous Glucose Monitoring on Glycemic Control in
Adolescents and Young Adults With Type 1 Diabetes: A Randomized
Clinical Trial. JAMA (2020) 323:2388-96. doi: 10.1001/jama.2020.6940

3. Sanderson EE, Abraham MB, Smith GJ, Mountain JA, Jones TW, Davis EA.
Continuous Glucose Monitoring Improves Glycemic Outcomes in Children
With Type 1 Diabetes: Real-World Data From a Population-Based Clinic.
Diabetes Care (2021) 44:e171-2. doi: 10.2337/dc21-0304

4. Hilliard ME, Levy W, Anderson BJ, Whitehouse AL, Commissariat PV,
Harrington KR, et al. Benefits and Barriers of Continuous Glucose
Monitoring in Young Children With Type 1 Diabetes. Diabetes Technol
Ther (2019) 21:493-8. doi: 10.1089/dia.2019.0142

5. Wang X, Zhao X, Chen D, Zhang M, Gu W. Comparison of Continuous
Subcutaneous Insulin Infusion and Multiple Daily Injections in Pediatric
Type 1 Diabetes: A Meta-Analysis and Prospective Cohort Study. Front
Endocrinol (2021) 12:608232. doi: 10.3389/fendo.2021.608232

6. Nevo-Shenker M, Phillip M, Nimri R, Shalitin S. Type 1 Diabetes Mellitus
Management in Young Children: Implementation of Current Technologies.
Pediatr Res (2020) 87:624-9. doi: 10.1038/541390-019-0665-4

7. Al Shaikh A, Al Zahrani AM, Qari YH, AbuAlnasr AA, Alhawsawi WK,
Alshehri KA, et al. Quality of Life in Children With Diabetes Treated With
Insulin Pump Compared With Multiple Daily Injections in Tertiary Care

management plan for contact dermatitis caused by the use of
diabetes devices. Our study confirms the importance of
establishing close collaboration both with pediatric allergy
specialists to prescribe the most suitable treatment and with
manufacturing companies to ensure that adhesives of
technological devices are free of harmful, well-known sensitizers.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

ETHICS STATEMENT

The study was exempt from ethical committee approval since it
was confined to anonymized and unidentifiable data routinely
collected at our Diabetes Centre. Written informed consent to
participate in this study was provided by the participants’ legal
guardian/next of kin.

AUTHOR CONTRIBUTIONS

SP wrote and drafted the paper. GS conceived and designed the
study. FG, SA, and LC collected data. GBP and FL contributed to
the discussion and reviewed the paper. The paper has been read
and approved by all the authors and each author considers that
the paper represents their honest work.

Center. Clin Med Insights Endocrinol Diabetes (2020) 13:1179551420959077.
doi: 10.1177/1179551420959077
. Ferrito L, Passanisi S, Bonfanti R, Cherubini V, Minuto N, Schiaffini R, et al.
Efficacy of Advanced Hybrid Closed Loop Systems for the Management of
Type 1 Diabetes in Children. Minerva Pediatr (2021) 73:474-85.
doi: 10.23736/52724-5276.21.06531-9
9. Bonato L, Taleb N, Gingras V, Messier V, Gobeil F, Ménard J, et al. Duration
of Catheter Use in Patients With Diabetes Using Continuous Subcutaneous
Insulin Infusion: A Review. Diabetes Technol Ther (2018) 20:506-15. doi:
10.1089/dia.2018.0110
10. Heinemann L, Kamann S. Adhesives Used for Diabetes Medical Devices: A
Neglected Risk With Serious Consequences? ] Diabetes Sci Technol (2016)
10:1211-5. doi: 10.1177/1932296816662949
11. Berg AK, Simonsen AB, Svensson J. Perception and Possible Causes of Skin
Problems to Insulin Pump and Glucose Sensor: Results From Pediatric
Focus Groups. Diabetes Technol Ther (2018) 20:566-70. doi: 10.1089/
dia.2018.0089
12. Binder E, Lange O, Edlinger M, Meraner D, Abt D, Moser C, et al. Frequency
of Dermatological Side Effects of Continuous Subcutaneous Insulin Infusion
in Children and Adolescents With Type 1 Diabetes. Exp Clin Endocrinol
Diabetes (2015) 123:260-4. doi: 10.1055/s-0034-1394381
13. Lombardo F, Passanisi S, Tinti D, Messina MF, Salzano G, Rabbone 1. High
Frequency of Dermatological Complications in Children and Adolescents
With Type 1 Diabetes: A Web-Based Survey. ] Diabetes Sci Technol (2020)
15:1377-81. doi: 10.1177/1932296820947072
14. Weng AT, Zachariae C, Christensen KB, Svensson J, Berg AK. Five-Month
Follow-Up Shows No Improvement in Dermatological Complications in
Children With Type 1 Diabetes Using Continuous Glucose Monitoring

o

Frontiers in Endocrinology | www.frontiersin.org

March 2022 | Volume 13 | Article 846137


https://doi.org/10.2337/dc21-S007
https://doi.org/10.1001/jama.2020.6940
https://doi.org/10.2337/dc21-0304
https://doi.org/10.1089/dia.2019.0142
https://doi.org/10.3389/fendo.2021.608232
https://doi.org/10.1038/s41390-019-0665-4
https://doi.org/10.1177/1179551420959077
https://doi.org/10.23736/S2724-5276.21.06531-9
https://doi.org/10.1089/dia.2018.0110
https://doi.org/10.1177/1932296816662949
https://doi.org/10.1089/dia.2018.0089
https://doi.org/10.1089/dia.2018.0089
https://doi.org/10.1055/s-0034-1394381
https://doi.org/10.1177/1932296820947072
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

Passanisi et al.

Technological Devices and Contact Dermatitis

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

Systems and Insulin Pumps. J Diabetes Sci Technol (2019) 15:317-23. doi:
10.1177/1932296819882425

Passanisi S, Salzano G, Lombardo F. Skin Involvement in Paediatric Patients With Type
1 Diabetes. Curr Diabetes Rev (2021). doi: 10.2174/1573399817666210903153837
Pigatto P, Martelli A, Marsili C, Fiocchi A. Contact Dermatitis in Children.
Ital ] Pediatr (2010) 36:2. doi: 10.1186/1824-7288-36-2

Herman A, de Montjoye L, Tromme I, Goossens A, Baeck M. Allergic Contact
Dermatitis Caused by Medical Devices for Diabetes Patients: A Review.
Contact Dermatitis (2018) 79:331-5. doi: 10.1111/cod.13120

Christensen MO, Berg AK, Rytter K, Hommel E, Thyssen JP, Svensson J, et al.
Skin Problems Due to Treatment With Technology are Associated With
Increased Disease Burden Among Adults With Type 1 Diabetes. Diabetes
Technol Ther (2019) 21:215-21. doi: 10.1089/dia.2019.0007

Mortensen HB, Hougaard P, Swift P, Hansen L, Holl RW, Hoey H, et al. New
Definition for the Partial Remission Period in Children and Adolescents With
Type 1 Diabetes. Diabetes Care (2009) 32:1384-90. doi: 10.2337/dc08-1987
Litchman G, Nair PA, Atwater AR, Bhutta BS. Contact Dermatitis. In:
Statpearls [Internet]. Treasure Island (FL: StatPearls Publishing (2021).
Available at: http://www.ncbi.nlm.nih.gov/books/NBK459230/.

Messer LH, Berget C, Beatson C, Polsky S, Forlenza GP. Preserving Skin
Integrity With Chronic Device Use in Diabetes. Diabetes Technol Ther (2018)
20:5254-64. doi: 10.1089/dia.2018.0080

Johnston GA, Exton LS, Mohd Mustapa MF, Slack JA, Coulson IH, English JSC,
et al. British Association of Dermatologists’ Guidelines for the Management of
Contact Dermatitis 2017. Br ] Dermatol (2017) 176:317-29. doi: 10.1111/bjd.15239
Nethercott JR. Practical Problems in the Use of Patch Testing in the
Evaluation of Patients With Contact Dermatitis. Curr Probl Dermatol
(1990) 2:97-123. doi: 10.1016/S1040-0486(06)80006-2

Lombardo F, Salzano G, Crisafulli G, Panasiti I, Alibrandi A, Messina MF,
et al. Allergic Contact Dermatitis in Pediatric Patients With Type 1 Diabetes:
An Emerging Issue. Diabetes Res Clin Pract (2020) 162:108089. doi: 10.1016/
j.diabres.2020.108089

Hyry HSI, Liippo JP, Virtanen HM. Allergic Contact Dermatitis Caused by
Glucose Sensors in Type 1 Diabetes Patients. Contact Dermatitis (2019)
81:161-6. doi: 10.1111/cod.13337

Herman A, Aerts O, Baeck M, Bruze M, De Block C, Goossens A, et al.
Allergic Contact Dermatitis Caused by Isobornyl Acrylate in Freestyle® Libre,
a Newly Introduced Glucose Sensor. Contact Dermatitis (2017) 77:367-73.
doi: 10.1111/cod.12866

Kamann S, Aerts O, Heinemann L. Further Evidence of Severe Allergic
Contact Dermatitis From Isobornyl Acrylate While Using a Continuous
Glucose Monitoring System. ] Diabetes Sci Technol (2018) 12:630-3. doi:
10.1177/1932296818762946

Oppel E, Hogg C, Summer B, Ruéff F, Reichl F-X, Kamann S. Isobornyl
Acrylate Contained in the Insulin Patch Pump Omnipod as the Cause of
Severe Allergic Contact Dermatitis. Contact Dermatitis (2018) 79:178-80. doi:
10.1111/cod.13017

Raison-Peyron N, Mowitz M, Bonardel N, Aerts O, Bruze M. Allergic Contact
Dermatitis Caused by Isobornyl Acrylate in Omnipod, an Innovative Tubeless
Insulin Pump. Contact Dermatitis (2018) 79:76-80. doi: 10.1111/cod.12995
Svedman C, Bruze M, Antelmi A, Hamnerius N, Hauksson I, Ulriksdotter J,
et al. Continuous Glucose Monitoring Systems Give Contact Dermatitis in
Children and Adults Despite Efforts of Providing Less A’llergy- Prone’
Devices: Investigation and Advice Hampered by Insufficient Material for

Optimized Patch Test Investigations. ] Eur Acad Dermatol Venereol (2021)
35:730-7. doi: 10.1111/jdv.16981

31. Passanisi S, Lombardo F, Barbalace A, Caminiti L, Panasiti I, Crisafulli G, et al.
Allergic Contact Dermatitis and Diabetes Medical Devices: 2 Clinical Cases.
Contact Dermatitis (2018) 79:115-7. doi: 10.1111/cod.13012

32. Lombardo F, Passanisi S, Caminiti L, Barbalace A, Marino A, Tannelli M, et al.
High Prevalence of Skin Reactions Among Pediatric Patients With Type 1
Diabetes Using New Technologies: The Alarming Role of Colophonium.
Diabetes Technol Ther (2020) 22:53-6. doi: 10.1089/dia.2019.0236

33. Pyl J, Dendooven E, Van Eekelen I, den Brinker M, Dotremont H, France A,
et al. Prevalence and Prevention of Contact Dermatitis Caused by Freestyle
Libre: A Monocentric Experience. Diabetes Care (2020) 43:918-20. doi:
10.2337/dc19-1354

34. Vidal-Albareda C, Yelmo-Valverde R, Solorzano-Zepeda C, Rodriguez-
Muiioz N, de-la-Hoz-Caballer B, Gonzalez-de-Olano G. Prevalence of
Contact Dermatitis to Glucose Sensors in Pediatric Population and the
Main Allergens Involved. Contact Dermatitis (2020) 83:47-9. doi: 10.1111/
cod.13511

35. Li Y, Li L. Contact Dermatitis: Classifications and Management. Clin Rev
Allergy Immunol (2021) 61:245-81. doi: 10.1007/s12016-021-08875-0

36. Fonacier L, Bernstein DI, Pacheco K, Holness DL, Blessing-Moore J, Khan D,
et al. Contact Dermatitis: A Practice Parameter-Update 2015. ] Allergy Clin
Immunol Pract (2015) 3:51-39. doi: 10.1016/j.jaip.2015.02.009

37. Bonamonte D, Foti C, Vestita M, Angelini G. Noneczematous Contact
Dermatitis. ISRN Allergy (2013) 2013:361746. doi: 10.1155/2013/361746

38. van der Valk PGM, Devos SA, Coenraads P-]. Evidence-Based Diagnosis in
Patch Testing. Contact Dermatitis (2003) 48:121-5. doi: 10.1034/j.1600-
0536.2003.00072.x

39. Paret M, Barash G, Rachmiel M. «Out of the Box» Solution for Skin Problems
Due to Glucose-Monitoring Technology in Youth With Type 1 Diabetes:
Real-Life Experience With Fluticasone Spray. Acta Diabetol (2020) 57:419-24.
doi: 10.1007/500592-019-01446-y

40. Battelino T, Danne T, Bergenstal RM, Amiel SA, Beck R, Biester T, et al.
Clinical Targets for Continuous Glucose Monitoring Data Interpretation:
Recommendations From the International Consensus on Time in Range.
Diabetes Care (2019) 42:1593-603. doi: 10.2337/dci19-0028

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Passanisi, Salzano, Galletta, Aramnejad, Caminiti, Pajno and
Lombardo. This is an open-access article distributed under the terms of the Creative
Commons Attribution License (CC BY). The use, distribution or reproduction in other
forums is permitted, provided the original author(s) and the copyright owner(s) are
credited and that the original publication in this journal is cited, in accordance with
accepted academic practice. No use, distribution or reproduction is permitted which
does not comply with these terms.

Frontiers in Endocrinology | www.frontiersin.org

March 2022 | Volume 13 | Article 846137


https://doi.org/10.1177/1932296819882425
https://doi.org/10.2174/1573399817666210903153837
https://doi.org/10.1186/1824-7288-36-2
https://doi.org/10.1111/cod.13120
https://doi.org/10.1089/dia.2019.0007
https://doi.org/10.2337/dc08-1987
http://www.ncbi.nlm.nih.gov/books/NBK459230/
https://doi.org/10.1089/dia.2018.0080
https://doi.org/10.1111/bjd.15239
https://doi.org/10.1016/S1040-0486(06)80006-2
https://doi.org/10.1016/j.diabres.2020.108089
https://doi.org/10.1016/j.diabres.2020.108089
https://doi.org/10.1111/cod.13337
https://doi.org/10.1111/cod.12866
https://doi.org/10.1177/1932296818762946
https://doi.org/10.1111/cod.13017
https://doi.org/10.1111/cod.12995
https://doi.org/10.1111/jdv.16981
https://doi.org/10.1111/cod.13012
https://doi.org/10.1089/dia.2019.0236
https://doi.org/10.2337/dc19-1354
https://doi.org/10.1111/cod.13511
https://doi.org/10.1111/cod.13511
https://doi.org/10.1007/s12016-021-08875-0
https://doi.org/10.1016/j.jaip.2015.02.009
https://doi.org/10.1155/2013/361746
https://doi.org/10.1034/j.1600-0536.2003.00072.x
https://doi.org/10.1034/j.1600-0536.2003.00072.x
https://doi.org/10.1007/s00592-019-01446-y
https://doi.org/10.2337/dci19-0028
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/endocrinology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/endocrinology#articles

	Technologies for Type 1 Diabetes and Contact Dermatitis: Therapeutic Tools and Clinical Outcomes in a Cohort of Pediatric Patients
	Introduction
	Methods
	Results
	Discussion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


