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Abstract
Insulin is used as a therapeutic agent in patients with diabetes, and
cutaneous lipohypertrophy (LH) and localized insulin‐derived amyloido-
sis (LIDA) are well‐known adverse effects associated with insulin
injections. The clinical implications, management, assessment methods,
and pathological differentiation of LH and LIDA have been recently
updated. This review was to update our knowledge of the pathological
differentiation, effects of insulin absorption, hypoglycemic events, and
recent assessment methods for LH and LIDA. A scoping review was
performed according to the Preferred Reporting Items for Systematic
Reviews and Meta Analyses extension for Scoping Reviews guidelines.
Original studies and case reports in English were also included. PubMed
and Scopus databases were searched for keywords to identify papers
published up to January 2022. A total of 113 studies were identified
through a database search, and 31 were eligible for inclusion in this
scoping review. In the 31 studies included in this review, patients with
type 2 diabetes had high frequencies of LH and LIDA. LH outcome
parameters were assessed using pathological findings and imaging. LIDA
is mainly determined by pathological methods, such as hematoxylin and
eosin and Congo red staining. Several in vitro and in vivo LIDA models of
LIDA have been developed. These results suggest that pathological
analysis is required to identify LH and LIDA. It is important to consider
LIDA, as it likely influences insulin adsorption and glycemic control.
Although several studies have evaluated the LIDA process, little is known
about the mechanisms underlying the development of adverse effects
associated with insulin injections.
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Key points
• Lipohypertrophy (LH) and localized insulin‐derived amyloidosis (LIDA),
which are different pathologies, are difficult to distinguish macroscopically,
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and a definitive diagnosis requires histological evaluation of invasive
biopsy samples.

• Although several studies have evaluated the LIDA process in vivo and in
vitro, little is known about the mechanisms underlying the development of
adverse effects associated with insulin injection.

• Further studies are required to determine the in vivo pathologic processes
of LH and LIDA.

1 | INTRODUCTION

Diabetes mellitus (DM) is an epidemic, with the
number of global patients predicted to rise to 783
million by 2045.1 All patients with type I and almost
30% with type Ⅱ DM rely on exogenous insulin
injections. Allergic reactions to insulin, insulin‐
induced cutaneous lipohypertrophy (LH), and local-
ized insulin‐derived amyloidosis (LIDA) are well‐
known adverse effects associated with insulin
injection.2–4

Insulin‐induced LH is one of the most common
complications of subcutaneous insulin injections. LH
involves the thickened swelling of the tissue, which can
be either soft or firm. The prevalence of LH was
considerably higher in patients with insulin depen-
dence. It is estimated that 50% of the patients with type I
diabetes develop LH over the course of insulin injec-
tions. LH is related to the lipogenic and anabolic
properties of insulin.5,6 Compared with normal adipose
tissue, insulin absorption was reduced by 21%–27% with
insulin injection into the LH region, leading to
significantly higher insulin doses.7,8 In addition, Gentile
et al. reported that high HbA1c values and unexpected
hypoglycemic events were significantly associated
with LH.7

LIDA is a nodular type of subcutaneous amyloi-
dosis that was first described in 1983.9 It is
considered that long‐term administration, repeated
and same‐site injections of insulin are the major
predisposing factors for LIDA. In the insulin‐injected
sites, amyloid fibril protein is derived from insulin
and forms an amyloid deposition; as a result, almost
all LIDA are observed with palpable masses.2,3 LIDA
causes poor glycemic control and increased insulin
dose requirements because of impaired insulin
absorption.2,9

Against this background, an accurate understanding
and diagnosis of LH and LIDA are essential because of
their different implications and clinical management.
Clinically, the mechanisms underlying the development
of LH and LIDA are poorly understood. The purpose of
this study was to update our knowledge of the
pathological differentiation, effects of insulin absorption
and hypoglycemic events, and recent methods of
assessment between LH and LIDA.

2 | METHODS

2.1 | Study design and methodology

A scoping review was performed following a previously
reported framework10 and recently revised methods.11 This
scoping review was performed according to the Preferred
Reporting Items for Systematic Reviews and Meta Analyses
extension for Scoping Reviews (PRISMA‐ScR) checklist.12

2.2 | Scoping review question

The specific questions that guided this scoping review
were, “What kinds of pathologies have been reported for
LH or LIDA?” and “How do the mechanisms that induce
LH or LIDA occur?”

2.3 | Scoping review objective

The objectives of this study were (a) to summarize the
differences in clinicopathological characteristics
between LH and LIDA and (b) to suggest the possibility
of noninvasive differential methods for nurses. This
scoping review will be useful to a variety of clinicians,
including nurses, who are involved in the management
of glycemic control.

2.4 | Eligibility criteria

We limited our search to human and animal research
articles published in English. The current review
included studies on the pathology of LH and LIDA.
Published original articles and case reports written in
English were included in this scoping review. Confer-
ence abstracts, galleries, literature reviews, and meta‐
analyses were also excluded. Articles not associated with
the pathology of LH or LIDA were also excluded.

2.5 | Information sources

PubMed and Scopus bibliographic databases were
searched in January 2022.
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2.6 | Search strategy

Search terms and medical subject heading terms related
to amyloidosis, LH, insulin, pathology, and diabetes
were used and combined using the Boolean operators
“AND” and “AND NOT.” The search strategy was as
follows: LH and insulin and (pathology or patho-
physiology) and (diabetes or diabetes mellitus) not
Alzheimer's disease, not islets (LH) and (amyloidosis or
amyloid or amyloid fibrils or amyloid lumps) and
insulin and (pathology or pathophysiology) and (diabe-
tes or diabetes mellitus) not Alzheimer's disease not
islets (LIDA) for PubMed; ((KEY(lipohypertrophy)) AND
(((insulin)) AND (pathology)) AND (diabetes) AND NOT
(“Alzheimer's disease”) AND NOT (islets)) (LH) and
((KEY(amyloid)) AND (((insulin)) AND (pathology))
AND (diabetes) AND (skin) AND NOT (“Alzheimer's
disease”) AND NOT (islets)) (LIDA) for Scopus.

2.7 | Selection of sources of evidence

The search results were extracted into an extraction
spreadsheet in Microsoft Excel, and duplicates were
removed. Titles and abstracts were screened by three
researchers (KM, HT, and EK) independently, and those
that did not meet the inclusion criteria were excluded.
Potentially eligible full‐text articles were screened for
inclusion by three independent reviewers (KM, HT, and
EK) according to the inclusion criteria. Articles lacking
outcomes for pathology or imaging, including magnetic
resonance imaging (MRI), ultrasonographic (US)
images, infrared (IR) images, and computed tomogra-
phy (CT) of LH or LIDA were excluded because, in this
scoping review, we focused on the pathology of LH or
LIDA in the skin. Disagreements regarding study
selection were resolved through discussion.

2.8 | Data‐charting process

Three researchers (KM, HT, and EK) developed a data
charting form to determine the variables to extract.
Data were extracted by three researchers (KM, HT,
and EK). Discrepancies in the extracted data were
resolved through discussions between the three
authors.

2.9 | Data items

The following information was extracted: (a) study
authors, year of publication, and country; (b) study
design/participants; (c) DM type, (d) characteristics; (e)
parts of LH or LIDA; (f) outcomes related to pathologies;

(g) outcomes related to imaging; (h) outcomes related
to others.

3 | RESULTS

3.1 | Selection of sources of evidence

The initial search yielded a total of 113 studies. After
removing the duplicates (n = 32), 81 articles remained.
After title and abstract screening, 31 papers were
excluded (13 studies did not investigate the skin, six
studies were conference abstracts, one study was a
gallery, five studies were literature reviews, and six
studies were meta‐analyses). Among the 50 remaining
papers, 19 were excluded after full‐text screening: two
studies did not investigate amyloidosis or LH, one study
did not investigate subcutaneous tissue, nine studies did
not involve DM, one study did not investigate the
outcomes of pathology or imaging, and four studies
were not written in English. In total, 31 articles were
included in this scoping review. Of these, 26 papers
described human studies, one paper reported a human
in vivo study, two papers were in vitro studies, and two
studies were in vivo studies. Among them, five papers
were on LH and 26 papers were on LIDA. There were
two case reports and three original papers on LH. There
were 22 case reports and four original papers on LIDA.
The PRISMA‐ScR flowchart for this review is shown in
Figure 1.

3.2 | Characteristics of the source of
evidence for LH in this scoping review

The characteristics of the included studies are
summarized in Table 1. Among the five studies
included in this scoping review, three were original
papers and two were case studies. One prospective
study was published in 2018 from Canada,13 and one
observational study was published in 2020 from
Thailand.14 An open, multicenter randomized control
trial was published in 2020 from Italy.7 Two case
reports were published, one in 200515 from Japan and
the other in 2018 from Italy.16

Among the five papers in this scoping review,
patients with type 2 diabetes had a high frequency of
LH, with the abdomen being the most common site.
Males accounted for almost half of the total, except
for case studies; therefore, sex differences could not
be confirmed. In all but one case study, the mean
body mass index (BMI) value was greater than 25.0.
Moreover, the mean HbA1c value was greater than
6.5% in all but one study that did not include this
information.
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3.3 | Outcome parameters with LH in this
scoping review

In this scoping review, outcome parameters were
divided into two categories: pathology and imaging.
Macroscopic evaluations, such as inspection and/or
palpation, and microscopic evaluations, such as hema-
toxylin and eosin (HE) staining and scanning electron
microscopy (SEM), were utilized in the pathological
category. In three original studies and one case report,
inspection and/or palpation were performed to confirm
LH. LH was defined by microscopic evaluations as the
following: “discrete palpable dermal nodules or swel-
lings of variable consistency”13 or “features of four types
of LH: small nodule, large nodule, flat plastron, flat
nodule”7 or “swellings (umbilicated, hyperchromic and
cleft)”.16 One original study divided LHs into two grades,
“Grade 1: LH without visible skin lesion but the
increased palpable density of subcutaneous tissue,
Grade 2: severe hypertrophy with increased density of
the injection site.”14 HE staining and SEM were
performed in one case report to confirm LH; HE
staining showed “excess mature adipocytes in the
dermal reticular layer” and SEM showed “hypertrophic
adipocytes, numerous small lipid droplets at the
periphery of hypertrophic adipocytes.”15

US images were included in the imaging category. In
three original studies and one case report, US images
were evaluated to confirm LH. LH was observed by US
images as “heterogeneous in echotexture, absence of
vascularity, absence of capsule.”13 One original study
divided LH into different types based on three features,
“Hyper, Iso, and Iso‐hypo,”7 and one case report
evaluated the thickening of the dermis.16

3.4 | In vitro or in vivo studies on LH

Unfortunately, no in vitro or in vivo studies focusing on
LH have been identified in this review. Therefore, the
pathophysiological processes that lead to LH remain
unknown.

3.4.1 | Characteristics of the source of
evidence for LIDA in humans in this scoping
review

The characteristics of the included studies are provided
in the Supporting Information: Table. Among the 22
studies included in this scoping review, 21 were case
reports and one was an original paper. Five studies were
published from Japan. Six studies were published from
the United States. Three studies each were published
from Germany and India. Two studies were published
from the United Kingdom. One study each was
published from the Netherlands, Spain, and Canada.

Among the 22 papers in this scoping review, as was
in the case of patients with LH, those with LIDA also had
type 2 diabetes more frequently than those with type 1
diabetes, and amyloidosis was most commonly
observed in the abdomen. Although sex differences
were not clear, there were more males than female
patients.

3.5 | Outcome parameters with LIDA in
this scoping review

Eighteen (81.8%) of 22 studies performed HE staining
and reported “foreign body giant cells,” “eosinophilic,”
“inflammation,” “amorphous,” and “keratosis” as obser-
vations.17–33 Twenty (90.9%) of 22 studies performed
Congo red staining and reported green birefringence
when viewed with polarized light, consistent with
amyloid deposits.3,9,17–21,24–36 Fifteen (68.1%) of 22
studies performed immunohistochemical (IHC) staining
for insulin and reported that LIDA was positive for
insulin.3,9,17,20–26,28,30,32,33,35 Six (27.2%) of 22 studies
performed IHC staining for amyloid P; five studies
reported positive results20,26,28,30,33 and one study
reported negative results.25 One study performed IHC
staining for direct fast scarlet 4BS and reported positive

F IGURE 1 Flowchart of this scoping review. A Preferred Reporting
Items for Systematic Reviews and Meta Analyses extension for Scoping
Reviews flowchart of the current review is presented. A total of 31
articles were included in the review. DM, diabetes mellitus;
LH, lipohypertrophy; LIDA, localized insulin‐derived amyloidosis.
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results.22 Four (18.1%) of 22 studies performed electron
microscope analysis. SEM showed “only the Brems-
strahlung, but a few particles gave tile spectra of sulfur
or calcium,”28 transmission electron microscopy (TEM)
showed “closely packed microfibrils, and cytoplasmic
fibrillary inclusions were found within some of the giant
cells,”28 electron microscopic observation (not stated if
SEM or TEM) revealed “protein fibrils were concen-
trated adjacent to the dark globular proteins,”21 “a
typical spear‐like fibrillar structure,”9 and “fibrils con-
sistent with amyloid”33 as observations. Two (9.0%) of 22
studies evaluated LIDA using the US, and reported “a
solid complex lobulated lesion within the subcutaneous
tissue of the left lower quadrant measuring,”17 and
“irregular and ill‐defined nodules, hypoechoic, hetero-
geneous and hypovascular” as observations.22 Three
(13.6%) of the 22 studies evaluated LIDA using MRI and
reported that both T1‐ and T2‐weighted images showed
low signal intensity, while fat‐suppressed T2‐weighted
images showed slightly higher signal intensity than
subcutaneous fat. There was minimal gadolinium
enhancement on fat‐suppressed T1WI,”22 “unlike fat,
they had low signal intensity on T1‐weighted and T2‐
weighted images,”3 “T1 and T2‐weighted sequences
revealed hypointense enhancement, while the postcon-
trast T1‐sequence showed inhomogeneous enhance-
ment with peripheral hyperintensity and central hy-
pointensity,”29 as observations. Three (13.6%) of 22
studies evaluated LIDA using CT, and reported
“irregular with ill‐defined nodules, heterogeneous,”22

“homogeneous mass,”34 and “a round mass in the
subcutaneous region and inhomogeneous shadow”25 as
observations.

3.6 | In vitro or in vivo studies on LIDA

As an in vitro model, Manno et al. reported that human
insulin incubated with an acidic solution (pH 1.6) at
high temperatures (between 50°C and 70°C) led to the
formation of amyloid fibrils.37 Another group reported
that vigorous stirring of insulin at 37°C for 24 h under pH
7.0 or pH 1.8 conditions resulted in the formation of
amyloid fibrils.38 Störkel et al. attempted to create a
model of amyloid fibrils in rats and administered
porcine insulin daily into subperitoneal adipose tissue
using a catheter. After 6 weeks, they observed amyloid
fibril formation by HE staining, Congo red staining, and
electron microscopy.9 Chinisaz et al. presented an
animal model in which insulin was incubated at 57°C
for 24 h and amyloid fibrils were confirmed by Congo
red staining and TEM, and these amyloid fibrils were
continuously subcutaneously administered to mice for
21 days.39 These two animal models observed amyloid
mass formation but did not examine insulin resistance
at the amyloid mass site. Nakamura et al. evaluated
insulin resistance in an animal model in which mice

were given amyloid fibrils (prepared by incubating
insulin at pH 2.5°C and 55°C for 48 h) for 7 days, and
reported a decrease in insulin effect similar to LIDA.40

4 | DISCUSSION

4.1 | Summary of evidence

This scoping review focuses on the pathological
characteristics of LH and LIDA, and the pathological
processes leading to LH and LIDA. To date, this
evidence has not been summarized in detail. The final
article count was 31, and only five papers demonstrated
the pathophysiological processes leading to LIDA in in
vitro and in vivo studies, highlighting the paucity of
relevant literature in this field. The remaining articles
reported the pathophysiology of LH or LIDA and
suggested that LH and LIDA, which are different
pathologies, are difficult to distinguish by macroscopic
evaluation and that definitive diagnosis requires histo-
logical evaluation of invasive biopsy samples.

4.2 | Characteristics of LH and LIDA in
pathophysiology

Allergic reactions to insulin, insulin‐induced cutaneous
LH, and LIDA are adverse effects associated with insulin
injection.2–4 Unfortunately, insulin‐induced cutaneous
LH and LIDA remain overlooked complications in
diabetes care. Several previous studies have shown
altered insulin absorption at sites of LH.5,41,42 Moreover,
previous research has reported that LIDA causes poor
glycemic control and increased insulin dose require-
ments because of impaired insulin absorption.3,43 In this
scoping review, there were six duplicate articles on LH
and LIDA in the screening process; therefore, it is
possible that the researchers themselves were not able
to clearly distinguish between them. Therefore, under-
standing the pathophysiological characteristics of these
complications is important in the nursing care of
patients with diabetes. LH and LIDA are defined as
“discrete palpable dermal nodules or swellings of
variable consistency”13 and “nodular on palpation, with
a soft to firm,”3,31 respectively, by findings at macro-
scopic evaluations such as inspection and/or palpation.
Inspection and palpation are easy to use in clinical
settings; however, it is difficult to distinguish between
LH and LIDA. The results of this scoping review also
showed that histological evaluation is the gold standard
for a definitive diagnosis. Only anti‐insulin antibody‐
positive result3,9,17,20–26,28,30,32,33,35 or Congo red stain-
ing3,9,17–21,24–36 can confirm LIDA. Interestingly, non-
invasive imaging devices, such as MRI and US, have
recently been reported as assessment tools for LH and
LIDA. LH was observed by US images as “heterogeneous
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in echotexture, absence of vascularity, absence of
capsule” and “localized areas of decreased sub-
cutaneous fat thickness and increased heterogeneous
echoes.”14 Meanwhile, LIDA was observed by MRI
imaging as “T1‐ and T2‐weighted images show hypoin-
tensity”29 and US imaging as “hypovascular.”22 Among
these noninvasive imaging devices, US is an effective
tool that is available to nurses in clinical settings in
various fields, such as detecting aspiration,44 US‐guided
peripheral intravenous insertion,45 and confirmation of
endotracheal tube placement.46 Therefore, the daily
assessment of the insulin injection site by a US device
may be useful for detecting the signs of LH or LIDA.

4.3 | Cause mechanisms of LIDA

Several studies have attempted to establish LIDA
models in vitro and in vivo. In vitro, it was shown that
amyloid fibrils are formed by incubating insulin under
acidic conditions (pH 1.6) at 50–70°C.37 It was also
reported that amyloid fibrils are formed by incubating
insulin with shaking at pH 7.0°C and 37°C, under
conditions more closely resembling the physiological
conditions.38 As shown in in vitro studies, pH,
temperature, and shaking (vibration) are considered
to be important factors in amyloid fibril formation.
Ohno et al. reported that amyloid fibril formation was
observed by rapid mixing stimulation (850 rpm) and
suggested that vibration or shaking may occur during
the transportation of insulin preparation.47 In this
scoping review, we found three animal models (in
vivo), although two studies using animal models in
which animals were injected in vitro generated
amyloid fibrils.9,39,40 In vitro and in vivo studies
indicated that amyloid fibrils may be formed in
insulin preparation rather than inside the body.
However, we could not confirm whether LIDA formed
outside or inside the body. To clarify this point, an
analysis using a model of repeated insulin adminis-
tration in animals is needed.

4.4 | Implications for practice and future
perspectives

This scoping review clarified that the pathophysiological
evidence in LH or LIDA is called an “insulin ball.”3 In
comparison with normal adipose tissue, insulin absorp-
tion is reduced in the LH region7,8 and impaired in the
LIDA region.2,9 Therefore, understanding the pathophy-
siological characteristics of these complications is
important in the nursing care of patients with diabetes.
Unfortunately, the results of the scoping review showed
that LH and LIDA were difficult to distinguish by
macroscopic evaluation, and that definitive diagnosis
required histological evaluation of invasive biopsy

samples. Our results for the scoping review also showed
that daily assessment of the insulin injection site using a
US device may be useful for detecting signs of LH or
LIDA. The establishment of a noninvasive assessment
tool for cases that are difficult to distinguish by
macroscopic evaluation means that assessment should
be performed early, enabling the establishment of
appropriate care for patients with diabetes. Therefore,
this scoping review has important implications for
future studies on providing care to patients with
diabetes.

4.5 | Limitations

This scoping review has some limitations. We did not
extract information on the quality of evidence provided
by the authors and the quality of the studies was not
assessed systematically in this scoping review. Addition-
ally, we cannot rule out the possibility that articles on
mixed‐etiology hypertrophy were excluded if they did
not employ the terms used in the search strategy. These
processes may have affected the selection of evidence.
Furthermore, this scoping review did not extract
information on the involvement of disease duration or
insulin injections in the development of LH or LIDA. In
the future, the involvement of disease duration and
insulin injections in the development of LH and LIDA
should also be considered.

5 | CONCLUSION

This scoping review summarizes the evidence regard-
ing the pathologies of LH and LIDA and the
pathological processes leading to the adverse effects
associated with insulin injection. The articles
included were 31, and only five papers demonstrated
the pathological processes leading to LIDA through in
vitro and in vivo studies, highlighting the paucity of
relevant literature in this field. The remaining articles
reported the pathophysiology of LH or LIDA and
suggested that LH and LIDA, which are different
pathologies, are difficult to distinguish macroscopi-
cally, and a definitive diagnosis requires histological
evaluation with invasive biopsy samples. Further
studies for determining the pathological process in
vivo, especially in the human body, are needed, as
relevant literature remains sparse.
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