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Abstract

:

Introduction: The most frequent local complication of insulin injection is the occurrence of subcutaneous nodules due to incorrect injection technique. Injection into nodules negatively impacts metabolic compensation and the requirement for greater insulin doses due to its partial and erratic absorption. Despite these concepts being accepted by the scientific community, it is not yet clear whether injection into nodules is causally related to worsening chronic diabetes (DM) complications and the morphological nature of such nodules. Aim: This multicenter study aimed to evaluate the associations between structural characteristics of skin nodules and chronic DM complications. A secondary endpoint was to evaluate the histological structure of those nodules, looking for differences between lipohypertrophies (LH) and amyloid nodules (LIDA). Methods: For this purpose, 816 DM patients with LH and 1033 without LH underwent a clinical and ultrasound study comparing metabolic data, injection habits, and frequency of complications. Excisional biopsies of the skin nodules were performed in a small series of eight subjects. Results: Data observed confirm a strong relationship between LH and diabetes chronic complications other than poor glycemic control. Histology of biopsies from the skin nodules showed mild foreign-body-like inflammation, prevailing mega-adipocytes (65%), apoptosis, and fibrosis but could not detect any amyloid fibrils. In four cases, intra-nodular fluid was present with an insulin concentration several times higher than in blood. Conclusions: We confirmed LHs to be significantly associated with insulin administration errors, duration of insulin therapy, greater daily doses and duration of insulin administration, and the presence of micro- and macro-vascular DM complications. LH nodules displayed no typical morphological features and were indistinguishable from LIDA nodules with which they shared several histologic similarities, albeit within the frame of a general picture of LIDA inhomogeneity. Further targeted studies are warranted to clarify the remaining doubts.
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1. Introduction


Skin lipohypertrophy (LH) nodules caused by incorrect insulin injection techniques represent a failure of the whole educational approach. Unfortunately, LHs are extremely frequent in insulin-treated people, but their prevalence spans from 2 to 68% [1,2] depending on the identification method, the experience of professionals involved, race, qualitatively and quantitively adequate national device availability, educational intervention effectiveness, and compliance with national and international recommendations [3,4,5,6]. Injection errors and especially administration performed into LH nodules cause erratic insulin absorption [7,8] with consequent poor glycemic control, acute complications including unpredictable hypoglycemia [9], and increased costs [10].



Various authors investigating LH morphological structure obtained variable results which could not resolve the original dilemma concerning possible immuno-allergic inflammatory components. In 2007, a Japanese group used electron microscopy to describe the histopathological features of subcutaneous tissue surgically excised from a severe case of LH [11] and provided the first evidence of a fibrous texture hosting several mega-adipocytes and a lower number of micro-adipocytes. However, the authors did not address the issue of eventually occurring inflammatory cells. More recently, focusing mainly on the thickness and the immunohistochemical evidence of insulin presence in the superficial layers of LH-complicated skin sites an Asian case series, reference [12] reported on areas of subcutaneous amyloidosis without going in-depth into eventually occurring subcutaneous fat abnormalities.



Starting from such premises, we designed the present study to describe the general morphological features of LHs found in insulin-treated T2DM subjects and investigate their possible relationships with risk factors linked to disease complications, metabolic control, injection methods, and ultrasound characteristics. Despite it being very difficult for patients to accept excisional biopsy for mere research purposes, we obtained written informed consent for this from several and analyzed the histopathological structure of LHs.



This multicenter study aimed to evaluate the associations between the presence and structural characteristics of skin nodules and chronic DM complications. A secondary endpoint was to evaluate the histological structure of those nodules, looking for differences between lipohypertrophy (LH) and amyloid nodules (LIDA).




2. Methods


The study was designed as a multicenter, sequential screening investigation presented as a case series and enrolling all subjects with type 2 diabetes (T2DM) and at least 2 insulin injections/day who were visited in four outpatient diabetes units between 1 January 2023, and 31 December 2023 (as described in Figure 1). We analyzed 6861 subjects with DM, 2460 of which were on insulin, according to the inclusion criteria mentioned above, and including 612 (31.5%) with Type 1 DM and 1849 (68.5%) with T2DM, respectively. Only T2DM subjects were evaluated, and T1DM subjects were not considered because of their different age (36% being children/adolescents), BMI, disease and insulin treatment duration, insulin sensitivity, daily doses, and pump utilization rate (41% in T1DM vs. 5% in T2DM subjects).



Among those with T2DM, 816 (44.1%) had easily palpable and visible nodules, and 1033 (55.9%) had non-visible plastrons that were palpable or highlighted with the pinching maneuver (Figure 1): indeed, all areas of hard-elastic pasty skin that were different from the surrounding injection-free tissue and hardly palpable were confirmed as flat nodular-like areas by ultrasonographic examination. The two abovementioned lesions (i.e., palpable and visible nodules and those that were pasty and recognizable with the pinching maneuver and confirmed by ultrasound) were conventionally defined as LHs. The general characteristics of our insulin-treated population are reported in Table 1.



Among LH+ subjects, 90 (11.1%) had protruding, easily visible LHs with a diameter > 4 cm, 376 (40.1%) had visible and palpable LHs <4 cm in diameter, and 350 (42.8%) had thick, pasty skin, detectable with the pinching maneuver, and confirmed by ultrasound to be flat LHs (Figure 1), as we previously described [9].



We arbitrarily chose a 4 cm threshold after preliminarily showing it as the lowest and best identification level among three independent observers blindly examining the area. The diagnostic definition of clinical complications utilized the International Classification of Diseases (ICD-10).



2.1. LH Identification Procedure


Following the procedure reported by ourselves and others several times [2,13,14,15], three healthcare providers with at least three years of specific experience searched independently and systematically for LHs in all injection sites. The diagnosis of LH was confirmed only in the case of total agreement, i.e., in 91% of cases; when in doubt, skin ultrasound came into play. To briefly recap our protocol, clinical LH diagnosis relied on systematic inspection and palpation of all injection sites. The method involved the visual search for nodules in pivoting subjects asked to take standing, sitting, and then lying positions under direct and angled light (natural daylight being preferred, substituted by cold, high-intensity artificial light when unavailable), and repeated and accurate light palpation initially, followed by a more intense maneuver in a controlled-temperature room and with relaxed muscles.



The subjects were tested for all injection sites in a quiet environment, at a suitable temperature, without clothing, first standing, then in a sitting and lying position, under relaxed muscle conditions and with frontally and laterally oriented light against a dark panel to capture any irregularities and protrusions of the areas under investigation. Then, palpation was performed repeatedly, first superficially and then with more significant pressure, comparing the examined area with the surrounding injection-free skin. Finally, the pinching maneuver was used to detect any thicker and more pasty tissue than that observed in the surrounding skin.



Eight of the subjects with protruding LH > 4 cm in diameter underwent incisional biopsy, and four of them had the fluid material aspirated and analyzed, too.




2.2. Ultrasonography


Three blind operators performed high-frequency B-mode ultrasound skin scans in all subjects at the insulin injection sites using 20 MHz linear probes (HD3; Philips NV, Amsterdam, The Netherlands), as previously reported [16], according to the diagnostic protocol routinely followed by all participating structures. The agreement among the three sonographers was 100%.



The agreement between palpation-based LH and ultrasound diagnosis was 91%. Both diagnostic methods permitted the definition of individual LH characteristics, including size, thickness, and structure, as described elsewhere [1,9], and especially the detection of any colliquated areas within LH nodules as hypoechoic areas. Special care was taken in identified lesions in the ultrasound differential diagnosis of amyloid deposits, whose gold standard is skin biopsy, as compact avascular lesions with a rigid, fibrous structure [9].



LHs defined by ultrasonography were been classified in agreement with Bertuzzi et al. into three main types [17], as reported below:




	-

	
Hyper type A: iso-hyperechogenic with predominantly fibrotic component.




	-

	
Isotype B: isoechoic associated with small edematous islands delimited by fibrous stripes.




	-

	
Iso-hypo type C: iso-hypoechoic without fibers.










2.3. Skin Biopsy


Skin biopsies were performed in 8 out of the 90 subjects displaying nodules with a diameter equal to or greater than 4 cm who agreed to undergo the procedure after local injection of lidocaine (Lidocaine Accord 10–20 mg/mL) by a circular punch biopsy-type incision. We selected the 4 cm diameter cut-off and the abdominal site as choice criteria for LH nodules because skin biopsies would have been unsuccessful in our and others’ experience due to the risk of sampling non-LH tissue from smaller nodules, especially those located deeper than the length of the cutting edge.



The technique involved an automatic cutting edge with a circular section of 4 mm in diameter, providing an 8 mm deep tissue cylinder including epidermis, dermis, and subcutaneous fat tissue. We chose the abdomen to ensure we obtained a thick US-characterized layer of subcutaneous fat ranging from 16–56 mm in depth. The biopsy specimens were preserved in formalin and then embedded in paraffin blocks until histological examination, which occurred no later than three days after collection.




2.4. Histopathology


The epidermis, dermis, and hypodermis represented by subcutaneous adipose tissue were present in all biopsies, which never included the underlying muscular tissue. The preparations were stained by hematoxylin-eosin and Congo red in line with adipose tissue-specific immunohistochemistry. Subcutaneous tissue adipocyte dimensions, calculated by a digital image analyzer, allowed classification into four classes: small (<50 µm), medium (50–69 µm), large (70–89 µm), and very large (>90 µm) [17]. The microscopic examination allowed us to search for and identify areas of necro-inflammation, fibrosis, amyloid fibrils, and the size of the adipocytes. The fluid aspirated from colliquated LH areas underwent chemical, physical, and cell-structure analysis through standard laboratory techniques and had insulin content assayed in triplicate through lispro insulin radioimmunoassay, (LisPro Insulin RIA Kit; Millipore Inc., St. Charles, MO, USA) and compared with plasma concentrations.



Statistical Analysis


Continuous variables were expressed as mean ± SD. The Wilcoxon signed-ranks test and the Mann–Whitney U-test were used to compare groups. Multiple regression analysis was performed for the objective variable, as in Table 1, and p values less <0.05 were considered significant. All statistical analyses were conducted using the SAS Program (Release 9.4, SAS Institute, Cary, NC, USA). This study was reviewed and approved by the Ethics Committee of Vanvitelli University of Naples, Italy (protocol n. 33478/2022, on 17 November 2022), as leader of the diabetes units of the Nefrocenter Research Network, and written consent was obtained from the participants.






3. Results


Six thousand, eight hundred, and sixty-one consecutive subjects with diabetes were visited in the four facilities participating in the study. The proportion of subjects enrolled was similar between the four centers, each having approximately the same number of patients. Of these, 2461 were on insulin therapy, 1849 with T2DM, 816 (44.1%) of whom presented LH (Figure 1). Based on US-confirmed clinical diagnosis (palpation, inspection, and pinching maneuver), 90 subjects (11.1%) had LHs larger than 4 cm, 376 (46.1%) had LHs smaller than 4 cm, and 350 (42.8%) had non-visible flat plastrons, respectively.



The clinical characteristics of patients with and without LH are described in Table 1. From the above, it emerged that, compared to LH− subjects, LH+ patients were older (67.6 ± 8.2 vs. 60.2 ± 8.4 years, p < 0.05, respectively), had a longer duration disease (12.4 ± 2.2 vs. 10.3 ± 2.4 years, p < 0.05, respectively) with longer insulin treatment (9.2 ± 2.2 vs. 6.6 ± 3.7 years, p < 0.01, respectively), had a higher number of daily insulin injections (3.9 ± 0.7 vs. 2.3 ± 0.7, p < 0.01, respectively), injected higher daily insulin doses (50.6 ± 8.2 vs. 41.5 ± 7.0 IU, p < 0.01, respectively), reported more frequent (95.5% vs. 66.2%, p < 0.01, respectively) and especially sudden and unexplained (80.7% vs. 20.6%, p < 0.001, respectively) previous hypoglycemic events, had significantly worse HbA1c values (8.9 ± 1.3 vs. 7.4 ± 1.1, p < 0.001, respectively), more considerable glycemic variability (299 ± 78 vs. 188 ± 61 mg/dL, p < 0.01, respectively), and a significantly higher frequency of micro- and macro-vascular complications. Furthermore, LH+ subjects consistently injected insulin into the nodules and made significantly more injection errors. Multivariate analysis confirmed all the abovementioned parameters to be significantly associated with LH, except for age and insulin treatment duration (Table 2).



Figure 2 and Table 3 detail the main features of LH+ subjects stratified by LH morphology and ultrasonographic appearance. The latter were divided into three groups: A (abdominal nodules larger than 4 cm), B (nodules smaller than 4 cm found at various locations), and C (non-visible flat plastrons identified by palpation and US scanning). Moreover, 19 subjects from Group A, 121 from Group B, and 243 from Group C displayed more than one nodule.



The abdomen displayed the highest prevalence of LH of any type. The most frequent ultrasound type was the iso-hypo-echoic one in Group A and Group B and the hyperechoic one in Group C. Insulin treatment duration and the daily dose were significantly greater in those with LHs larger than 4 cm compared to the other groups. Glucose control (HbA1c, glycemic variability, number of hypoglycemic events) and frequency of micro-and macro-vascular complications also displayed a progressive, significant increase from groups C to B and, even further, to group A. Figure 3 shows some cases we observed with nodules > 4 cm in diameter.



Twenty-six subjects (28.9%) from the group with LHs larger than 4 cm and only 2 (0.5%) from the group with LHs smaller than 4 cm had colliquative areas, respectively. The fluid volume within the LHs varied from 1.4 mL to 3.9 mL. As stated, eight subjects agreed to undergo fluid aspiration and eight skin biopsy (only four accepted both procedures) (Figure 4).



From the lesions, a mean of 1 mL inflammatory-like light yellow, serous fluid was drawn containing proteins 3.2 ± 0.4 g/dL, 87 ± 9 RBC/µL, and 562 ± 98 leukocytes/µL (72–88% neutrophils), with 6- to 12-fold serum levels insulin concentrations with a mean of 268 ± 159 mU/L. No abnormalities were found in the remaining blood chemistry nor in insulin-specific soluble IgG/IgE antibody titers.



Histology


Only subjects from the group with abdominal nodules of diameter equal to or larger than 4 cm who accepted the maneuver underwent skin biopsies. The thickness of skin biopsy superficial layers (epidermis and dermis) did not exceed 1.8 mm, which agreed with ultrasound measurements. The subcutaneous tissue displayed a prevalent population of average-size adipocytes with large, focally distributed, inhomogeneous fatty tissue hosting micro- and mega-adipocytes in close proximity to granulomatous-like inflammatory areas, as per spotty steatonecrosis regressive phenomena inhomogeneously distributed all over the area under study.



Table 4 reports on the size of those adipocytes based on maximum diameter, ranging from 33 µm to 185 µm and arbitrarily stratified into four increasing size categories (from <50 µm to >90 µm), with the two top ones (large + very large) representing 75% of the entire cell population. Focal and perivascular moderate inflammation areas with eosinophils, lymphocytes, and large polynuclear cells were widely present close to cellular debris from adipo-necrosis, especially in focal areas containing mega-adipocytes. Interestingly, no amyloid fibrils were found in any sample.



Figure 5 clearly shows in Figure 5A that the subcutaneous adipose tissue (SAT) from our biopsies was characterized by slight perivascular inflammatory infiltration, which, as is evident from Figure 5B, included lymphocytes and eosinophils. In Figure 5C, SAT was characterized by interstitial fibrosis and mixed inflammatory infiltration, including lymphocytes and eosinophils and polinuclear cells in a granulomatous environment (lower part of the panel).



Figure 6 displays a section of Figure 5B at higher magnification (400×), providing greater details on the mild perivascular inflammatory lymphocyte, macrophage, and eosinophilic granulocyte infiltrate. Focal images of steatonecrosis are associated with vacuolization of the intra-cytoplasmic adipose content (area within the yellow circle).



Figure 7 shows subcutaneous adipose tissue characterized by fibrosis (on the left) and a multinucleated giant adipose cell (on the right). Some regressed small-sized adipocytes and apoptosis cell debris are present.



In Figure 8a, hematoxylin/eosin-stained adipose tissue (100×) is displayed with adipocyte diameters ranging from 60 to 167 µm. In Figure 8b, the same tissue is immunohistochemically stained for fibrillar protein (200×). Adipocyte diameters ranged from 30.1 to 166.7 µm. The percentage of size-stratified adipocytes is displayed in Table 4, showing a clear prevalence of larger cells (75%).



Finally, in Figure 9, extensive areas of fibrosis are shown within yellow circles, in line with ultrasound scans from Figure 4.





4. Discussion


Repeated injections performed without skin site rotation and needle exchange frequently cause local lesions, which has been known for a long time. The most common of these are protruding and palpable LH nodules or plastrons, easily distinguished from nearby injection-free skin areas. Both forms are recognizable on ultrasound scans and represent a further consequence of injection errors [1].



Much literature defines how subjects with LH have worse metabolic control than those without LH, characterized by higher HbA1c levels, hypoglycemic episodes, and wider glycemic variability [2]. The presence of LH is also associated with a greater frequency of diabetes complications, though whether as cause or consequences is still debated. Unfortunately, not all papers agree on this relationship. Our data confirm that LHs correlated with poor injection techniques, in particular with the following: (i) failure to rotate injection sites; (ii) needle reuse over four times; (iii) ice-cold insulin injection causing cryo-trauma; (iv) dripping from the injection site, as per a compact and inelastic receiving tissue; (v) painless injection due to repeated microtrauma-dependent denervation [7,9,12,15]. Also, our data confirms, on a large series, a significant association between the presence of LH and the frequency of micro- and macro-vascular complications. The observation that the morphological evolution of the nodules develops over time in older subjects (67.4 ± 8.2 vs. 60.2 ± 108.2 years, p < 0.05, respectively) practicing a higher number of daily injections (3.9 ± 0.5 vs. 2.3 ± 0.7 IU, p < 0.001, respectively) with higher insulin doses (50.6 ± 8.2 vs. 41.5 ± 10.0 IU, p < 0.01, respectively) and for more extended periods (9.2 ± 2.2 vs. 6.6 ± 3.7, p < 0.01, respectively) further confirms this result. In addition, by analyzing the three classes of subjects with LH nodules or plastrons, as in Table 3, a continuous and significant increase becomes apparent in age, HbA1c and glycemic variability mean values, frequency of hypoglycemic events, number of daily injections, daily insulin dose, and micro- and macro-vascular complications when going from flat through smaller protruding to larger protruding LHs. This observation points to an increasing severity level of LHs and associated factors, somehow suggesting sort of an evolution from smaller, flat lesions through larger, protruding ones, until reaching those characterized by high dimensions and, sometimes, colliquated insulin-rich areas surrounded by fibrotic tissue contributing to the hard-elastic texture already documented by our group in previous reports.



These lesions are commonly identified as LHs, implicitly meaning with this term a morphological-structural entity that can only be defined after biopsy and histological examination. The use of this terminology is widespread in the literature. However, it could also be considered inappropriate, given that, at the same time, the literature is full of papers (primarily single or small collections of cases) describing skin insulin injection-related swollen areas as deposits of amyloid—i.e., an insulin-promoted fibrillar protein—defined as “localized insulin-derived amyloidosis (LIDA)” [18]. Both LH and LIDA are avascular and non-capsulated and contain abundant large cells with sub-populations of micro-adipocytes and cellular debris from apoptosis and sometimes eosinophilic infiltrate [18]. LIDA is variably described but, according to a recent meta-analysis, can be distinguished from LH by one of the following features: (i) abundant amyloid fibrils, (ii) high density, lobulated, and irregular tissue highlighted by various methods (i.e., electron microscopy and, eventually, tomography/ultrasonography), (iii) foreign body reactive-like giant cells, (iv) amorphous fibrillar material, (v) eosinophils and inflammation signs, and (vi) anti-insulin antibodies [19,20,21,22,23,24,25]. In short, the evaluation of the morphology of the two types of lesions is not clearly defined at all. At the same time, from a clinical point of view, both LH and LIDA are associated with erratic insulin release, the need to increase insulin doses by 27–30% compared to injection into healthy skin, and poor metabolic control [8,25,26]. So, to recap the whole issue, when relying on the 2023 scoping review [18], it would be challenging to clinically and histologically distinguish LH from LIDA because of the different morphological features reported by different authors and of the sentence “only anti-insulin antibody positive results or Congo red staining [27,28,29,30,31,32,33,34,35,36,37,38] can confirm LIDA”. Interestingly, noninvasive imaging devices, such as MRI and US, have recently been proposed as assessment tools for LH and LIDA, with LH US characterizations as “heterogeneous in echotexture, absence of vascularity, absence of capsule” and “localized areas of decreased subcutaneous fat thickness and increased heterogeneous echoes” [18]. All the above contributes to making the morphological definition of LH and LIDA even more complex.



While we do not have much histological information for LH, except for that derived from electronic microscopy by Fujikura et al., in 2005 [11], for the causal factors of LH, it is hypothesized that the occurrence depends on repeated trauma in restricted areas of skin and on the anabolic action of insulin [39,40]. US appearance is of three fundamental types (hyper-, iso-, or iso-hypoechoic appearance), as described by Bertuzzi et al. [16]. Finally, it is impossible to distinguish LH and LIDA from a macroscopic point of view without a histopathological finding of amyloid fibrils, considering that the available data (22 clinical cases and 4 original papers) is far from in agreement on the remaining components [18].



In vitro and in vivo studies indicated that amyloid fibrils may be formed in insulin preparation rather than inside the body [18,29,41,42,43,44], and this, in our opinion, could depend at least in part on the characteristics of the various types of insulin used previously and in different countries.



In our small series of bioptic samples of hypertrophic nodules in insulin injection sites, we confirmed, for the first time, various aspects including the following: (i) a prevalent population of large or very large adipocytes (45 + 30%, respectively) relative to normal adipocytes (15%) and micro-adipocytes (19%); (ii) areas of apoptosis with cellular debris and a slight reactive foreign-body-like inflammatory macrophage, eosinophil, and lymphocyte infiltrate in the perivascular and interstitial areas focally and non-ubiquitously distributed preferably around vessels and associated with necrotic spots and debris coming from cell breakdown; (iii) abundant fibrotic striae in the areas of apoptosis contributing to the increased nodule firmness. Conversely, even after using Congo red staining, we could not detect any amyloid fibers. In addition, we could document an aspect never reported before except for in a clinical case from our group [45], i.e., the presence of colliquated areas in nodules larger than 4 cm with a 4- to 10-fold greater insulin fluid concentration compared to blood. This data suggests that the larger they grow without afferent micro-vessels, the more insulin-containing LH nodules become susceptible to hypoxia within their innermost portion, thus undergoing colliquation. Also, it suggests that repeated nodule puncturing creates the necessary conditions for a “shelled” subcutaneous tissue, potentially accommodating a fluid reservoir with a significant insulin content.



Therefore, the size and structure of LH nodules appear to be significantly linked to insulin treatment duration and dosage. Also, the presence of LHs in multiple locations and the transition from ultrasound class C to A suggest a possible progression from flat plastrons to small and then large protruding LHs as mere stages of volumetric growth over time.




5. Limitations


The study’s main limitation comes from the small number of subjects who agreed to undergo a skin biopsy because of a missing direct benefit to disease management. However, finding volunteers who were well-informed about the scientific aims of the study and willing to provide skin biopsies still represents an appreciable result. Furthermore, the small number of biopsies we performed depended on the 4 cm cut-off and abdominal site we chose for them for technical reasons. We also underline that, to the best of our knowledge, no biopsies have been performed on LH nodules so far.



Another limitation is the absence of electron microscopy, which was not considered necessary in our study, mainly aimed at characterizing the morphology of the subcutaneous nodular tissue. The presence of colliquated areas of the larger nodules (four out of eight cases) is not trivial and can be easily traced back to the hypoechoic structure of the medium- and large-sized lesions. This suggests a significant frequency of these colliquated areas, as documented by ultrasound characteristics of the three LH+ groups. The finding of large quantities of insulin in these colliquated areas also represented a strength of our study and did not require a search for anti-insulin antibodies.




6. Conclusions


From a clinical point of view, the data from our general case series confirms that skin nodules caused by incorrect injection procedures closely correlate with injection technique errors and, above all, as already observed by several authors including ourselves [9], with poor metabolic control, chronic complications, and increased insulin doses. Our data cannot clarify whether these associations represent the causes or consequences of intra-nodular insulin injections.



However, from clinical, ultrasound, and histologic data taken together, a clear picture stands out in favor of a steady progression over time of skin lesions due to incorrect injection behavior. Indeed, with increasing disease and insulin treatment duration, LHs change from hardly palpable, pasty subcutaneous aggregates (group C) to palpable small nodules (group B) until becoming well evident (group C). Size increase due to insulin anabolic properties causes mega-adipocyte apoptosis in the absence of an adequate supporting capillary network and colliquation, leading to fluid, insulin-rich, hypoechoic areas surrounded by fibrotic streaks responsible for altered, unpredictable insulin release with poor metabolic control and frequent hypoglycemic events strongly associating with micro- and macro-vascular complications.



Nevertheless, by following the evolution of LH nodules over time while correcting injection errors through intensive educational training, we have already shown reduced acute complications, such as hypoglycemic event rates, HbA1c levels, and glycemic variability) [10], which suggests that even chronic diabetes complications depend on, rather than causing, LH lesions. Further targeted studies are necessary to clarify this point. However, despite being aware that we may miss prospective observations that might unopposedly support our beliefs, we are convinced that merely observing LH lesions without helping patients correct injection technique errors behind them with a prompt and efficient education activity would unethically violate good clinical practice principles [3].
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Figure 1. Flowchart of subjects under study. 
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Figure 2. Subjects enrolled divided into three groups according with ultrasonographic characteristics of nodules. 
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Figure 3. LHs found at the abdomen and limbs: they are all visible and wider than 4 cm (anonymized images published with patients’ consent). 
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Figure 4. Two ultrasonographic scans of colliquated areas (hypoechoic: red arrows) within the hyperechoic LH nodules; yellow arrows mark eye-catching fibrous streaks. In the left panel, a hyperechoic LH (light blue arrow) is visible close to the colliquated area. A vast, sprawling, dark, colliquated area is visible in the right panel. The outer skin layers (epidermis and dermis, 1.8 mm thick) are normal. 
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Figure 5. Subcutaneous adipose tissue (SAT) by slight perivascular inflammation ((A) panel). In the (B) panel, infiltration includes lymphocytes and eosinophilic cells. In the (C) panel, SAT is characterized by interstitial fibrosis and mixed inflammatory infiltration including lymphocytes and eosinophilic polinucleate cells, especially near the granulomatous inflammatory area (lower panel section) (hematoxylin-eosin-stained, magnification 100×). 
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Figure 6. Figure 5B is magnified (400×), showing a slight perivascular inflammatory infiltration, including lymphocytes, macrophages, and eosinophylic granulocytes associated with focal state-necrotic images characterized by vacuolized intracytoplasmic adipose content (area within the yellow circle). 
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Figure 7. Subcutaneous adipose tissue characterized by fibrotic areas (on the left) and multinuclear giant adipose cells (on the right). Some regressive small-sized adipocytes and apoptotic cell debris are visible (hematoxylin-eosin stain; original magnification 200×). 
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Figure 8. Panel (a): hematoxylin-eosin-stained adipose tissue (200×). The 60–167 micron-adipocyte diameter was measured using a digital image analyzer. Panel (b): immunohistochemically stained adipose tissue (200×) with 30.1–166.7-micron adipocyte diameters. 
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Figure 9. Hematoxylin-eosin-stained adipose tissue (200×). Fibrous areas across the adipose tissue are shown within the yellow circles. 






Figure 9. Hematoxylin-eosin-stained adipose tissue (200×). Fibrous areas across the adipose tissue are shown within the yellow circles.



[image: Diabetology 05 00053 g009]







 





Table 1. Mean values (%) of the clinical characteristics, injection habits, and demographics of those with and without LH (i.e., LH+ and LH−, respectively) and significance of differences.
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	Clinical Characteristics
	LH+

(N. 816)
	LH−

(N. 1033)
	p





	
	
	
	



	Male gender (%)
	363 (44.5)
	341 (33.8%)
	<0.01



	Age (years)
	67 ± 8.2
	60.2 ± 8.4
	<0.05



	BMI (kg/m2)
	30.6 ± 4.6
	29.9 ± 5.5
	n.s.



	HbA1c (%)
	8.9 ± 1.3
	7.4 ± 1.1
	<0.001



	Diabetes duration (years)
	12.4 + 2.2
	10.3 ± 2.4
	<0.05



	Insulin treatment duration (years)
	9.2 ± 2.2
	6.6 ± 2.7
	<0.01



	Daily insulin dose requirement (I.U.)
	50.6 ± 8.3
	41.5 ± 7.0
	<0.01



	Daily injections (n.)
	3.9 ± 0.7
	2.3 ± 0.7
	<0.01



	Subjects with previous hypoglycemic events [(n. (%)]
	779 (95.5)
	684 (66.2)
	<0.01



	Unexplained hypoglycemic events [(n. (%)]
	658 (80.7)
	213 (20.6)
	<0.01



	Glycemic variability (mg/dL)
	299 + 78
	188 +61
	<0.01



	Cardio-/cerebro-vascular complications [n. (%)]
	306 (37.5)
	150 (14.59
	<0.01



	Lower limb complications [n. (%)]
	184 (22.5)
	83 (8.0)
	<0.01



	Retinopathy [n. (%)]
	271 (33.2)
	221 (21.4)
	<0.01



	Chronic kidney disease/dialysis [n. (%)]
	371 (48.5)
	203 (19.7)
	<0.01



	Sensory-motor neuropathy [n. (%)]
	228 (27.9)
	109 (10.6)
	<0.01



	Autonomic neuropathy [n. (%)]
	102 (12.5)
	64 (6.2)
	<0.01



	Needle reuse [n. (%)]
	779 (95.4)
	129 (12.5)
	<0.001



	Failure to rotate injection sites [n. (%)]
	700 (97.5)
	105 (30.4)
	<0.001



	Ice-cold insulin injections [n. (%)]
	591 (72.5)
	314(30.4)
	<0.001



	Failure to keep the needle in for 20′ [n. (%)]
	476 (58,3)
	314 (30.4)
	<0.001



	Post-injection drop leaking [n. (%)]
	310 (45.2)
	210 (19.5)
	<0.001



	Painful injection [n. (%)]
	6 (0.7)
	733 (36.1)
	<0.001



	Injection into nodules [n. (%)]
	816 (100)
	0 (0)
	--







n.s. = not significant.













 





Table 2. Factors associated with LH. Results of Poisson multivariate analysis showing only significant RRs (95% CI). CI = confidence interval 95%, RR = relative risk.
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	Factors Associated to LH
	CI (95%)
	RR





	HbA1c (%)
	1.27–4.56
	2.11



	Injections/day (n)
	1.88–5.26
	2.57



	Daily insulin dose requirement (IU/day) M+ SD
	1.83–6.29
	2.88



	Previous unexplained hypoglycemic events
	2.24–8.85
	3.35



	Large glycemic variability
	1.85–4.93
	2.’9



	Injection Habit
	
	



	Needle reuse over four times
	2.37–6.47
	2.56



	Failure to rotate injection sites
	3.26–8.96
	3.17



	Ice-cold insulin injection
	1.67–4.28
	1.99



	Post-injection drop leaking
	1.97–3.87
	1.97



	Painful injection
	1.91–4.29
	2.23



	Complications
	
	



	Cardio/cerebrovascular events
	2.56–6.23
	3.07



	Lower limb complication
	1.26–3.35
	1.67



	Retinopathy
	2.88–7.86
	2.26



	Chronic kidney disease/dialysis
	1.89–4.14
	2.28



	Sensory-motor neuropathy
	2.28–6.56
	3.39



	Autonomic neuropathy
	2.89–7.67
	2.58










 





Table 3. General characteristics of subjects grouped by LH morphology. None of the parameters taken into consideration are significantly different among classes, except for insulin treatment duration, number of daily injections, and daily dose requirement (* p < 0.01 vs. Class A; ** p < 0.05 vs