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ABSTRACT

OBJECTIVES: Insulin-derived amyloidosis is a rare skin-related complication of insulin therapy. The purpose
of this study was to show the effects of insulin-derived amyloidosis on blood glucose levels, insulin dose
requirements, and insulin absorption.
METHODS: Seven patients were found to have insulin-derived amyloidosis at the Tokyo Medical University
Ibaraki Medical Center. The clinical characteristics and insulin therapy of the 7 patients were investigated.
Insulin absorption was studied by comparing the serum insulin levels after insulin injections into insulin-
derived amyloidosis sites versus injections into normal sites in 4 patients.
RESULTS: When the insulin-derived amyloidosis was discovered, the mean hemoglobin Alc level was
9.3%, and the mean daily insulin dose was 57 units. After changing the injection sites to avoid the insulin-
derived amyloidosis, the blood glucose concentrations improved, and the mean daily insulin dose could be
reduced to 27 units (P = .035; 53% reduction). The insulin absorption at insulin-derived amyloidosis sites
was 34% of that at normal sites (P = .030).
CONCLUSIONS: Insulin-derived amyloidosis caused poor glycemic control and increased insulin dose
requirements because of impairments in insulin absorption.

© 2014 The Authors. Published by Elsevier Inc. Open access under CC BY-NC-ND license.
o The American Journal of Medicine (2014) 127, 450-454

KEYWORDS: Amyloidosis; Insulin absorption; Insulin dose; Insulin therapy

Insulin-derived amyloidosis is a rare skin-related complica- amyloid masses that were immunoreactive to insulin anti-
tion of insulin theranv. The amvloid fibril protein is derived bodies at the insulin iniection sites.' ™ In a previous report. we
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published, including ours,” describing 11 patients with and an increase in insulin dose requirements.” However, the
clinical characteristics of this condition, particularly changes
in glycemic control and insulin dose, have not been well
described in other reports. The purpose of this study was to
show the effects of insulin-derived amyloidosis on blood
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deposit by pathologic study; and the amyloid deposit was
positively stained by an antibody against insulin. From 2005
to 2008, 7 patients were found to have insulin-derived
amyloidosis at the Tokyo Medical University Ibaraki Medi-
cal Center. For pathologic studies, skin incision biopsy of an
abdominal mass was performed in 6 patients, and ultrasound-
guided percutaneous fine-needle
aspiration biopsy of an abdominal
mass was performed in 2 patients.
Both procedures were performed
in 1 patient for verification of the
result of fine-needle aspiration bi-
opsy. The obtained samples were
stained with Congo red, and immu-
nohistochemical examinations were
carried out using monoclonal anti-
bodies against insulin.” the

Hemoglobin Alc values were
measured by high-performance lig-
uid chromatography and converted
to the values certified by the National
Glycohemoglobin Standardization

Program.” For insulin absorption normal sites.

CLINICAL SIGNIFICANCE

e When insulin-derived amyloidosis was
discovered at the insulin injection site,
patients had poor glycemic control with
a mean hemoglobin Alc value of 9.3%.

e After changing the injection sites to

avoid the insulin-derived amyloidosis,
blood glucose
improved and the mean daily insulin
dose could be reduced by 53%.

® The insulin absorption at insulin-derived
amyloidosis sites was 34% of that at

were admitted to the Tokyo Medical University Ibaraki
Medical Center because of poor glycemic control (patients 1
and 3), diabetic retinopathy (patient 2), hypoglycemic coma
(patient 4), cerebral infarction (patient 5), and diabetic
gangrene (patient 7). Patient 5 had a history of an admission
for hypoglycemia. In the patients, insulin-derived amyloido-
sis was discovered during admis-
sion. In patient 6, insulin-derived
amyloidosis was identified during
outpatient management. Of the 7
patients, 6 had type 1 diabetes and
1 had type 2 diabetes. The mean
duration of diabetes was 20 years,
and the mean duration of insulin
therapy was 18 years. All patients
had been using insulin analogues
for multiple daily insulin injections.

When the insulin-derived am-
yloidosis was discovered, the pa-
tients had poor glycemic control,
as reflected by a mean hemoglobin
Alc value of 9.3% (range, 8.5%-
10.2%). Furthermore, they were

concentrations

studies, 10 units of insulin lispro or
insulin aspart were injected into an
abdominal insulin-derived amyloidosis site or an abdominal
normal site before breakfast on different days in random or-
der. The studies were performed in 6 patients from whom
informed consent was obtained; later, 2 patients were
excluded because the endogenous insulin secretions were not
negligible. Blood samples were taken before the insulin in-
jection and at 30, 60, and 120 minutes after injection (addi-
tional time points were obtained at 90 minutes in patients
3 and 5, at 180 and 240 minutes in patient 1 and 5). Plasma
glucose levels were measured on an automated chemical
analyzer. Serum insulin and C-peptide values were measured
by immunochemiluminometric assays. Area under the curve
of serum insulin values from 0 to 120 minutes (AUCy._;20min)
was calculated using the trapezoidal method, and the peak
insulin value (C,,,,) was established. The mean AUC_120min
and C,,,, after insulin injections into amyloidosis sites versus
normal sites were compared by the paired ¢ test. Statistical
analyses were performed using SPSS version 11.0 (SPSS
Inc, Chicago, Ill). All study protocols were approved by
the ethics committee of Tokyo Medical University, and all
subjects provided written informed consent to participate
in this study.

RESULTS

The typical physical appearance of insulin-derived am-
yloidosis consisted of nodules at the insulin injection sites
(Figure 1). A hard mass, usually 2 to 5 cm in diameter, was
palpated at each nodular site. All the masses were located at
the sites where the patients repeatedly injected insulin.

The 7 cases are summarized in the Table, although the
clinical features of patient 1 have been described.” Six patients

using higher doses of insulin; the
mean daily insulin dose was 57
units, corresponding to 1.00 U/kg body weight (Table).
After discovery of the masses, the patients were instructed
to change the injection sites to avoid the masses, and then
blood glucose concentrations improved. Insulin requirements
decreased to a mean daily dose of 27 units (P = .035),
corresponding to 0.48 U/kg body weight (P = .040) (Table).
Thus, insulin requirements were reduced by 53% by chang-
ing the site of insulin injection.

Insulin absorption studies revealed that serum insulin
values after insulin injections into insulin-derived amyloid-
osis sites (Figure 2, open circles) were markedly lower than
those after injections into normal sites (Figure 2, closed
circles). The mean AUCgi2omin Was 456 pmol/L-h
(amyloidosis sites) versus 1258 pmol/L-h (normal sites)
(P =.030). The mean ratio of AUC_20mi, (amyloidosis site
to normal site) was 0.34. The mean C,,x was 383 pmol/L
(amyloidosis sites) versus 1071 pmol/L (normal sites) (P =
.066). The mean ratio of C,,x (amyloidosis site to normal
site) was 0.34. C-peptide values before and during the
studies among all subjects were 0.13 nmol/L or less. Blood
glucose values after insulin injections into insulin-derived
amyloidosis sites (Figure 3, open circles) were relatively
higher than those after injections into normal sites
(Figure 3, closed circles).

DISCUSSION

This study showed that insulin-derived amyloidosis caused
worsening blood glucose control and increased insulin dose
requirements in insulin-treated diabetic patients. All 7 pa-
tients in this study had poor glycemic control at the time the
amyloidosis was identified, and their blood glucose levels
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improved when insulin was injected at sites other than
insulin-derived amyloidosis. Further, their insulin dose
requirements were reduced significantly by changing the
injection sites. In addition, we presumed that the insulin-
derived amyloidosis indirectly resulted in an episode of
severe hypoglycemia leading to hospitalization in 2 of the
patients probably because they injected an increased dose of
insulin into a normal site.”®

This study also revealed that insulin absorption was
profoundly impaired at insulin-derived amyloidosis sites.
The AUCq.120min and C.x after insulin injections into
amyloidosis sites were 34% of those after insulin in-
jections into normal sites (Figure 2). In the study, the
large portion of insulin injected into insulin-derived
amyloidosis sites did not appear in the serum. We spec-
ulate that there was increased local degradation of insulin
at the insulin-derived amyloidosis sites, as may occur in
lipohypertrophic tissue.'” Alternatively, insulin might become
trapped in the amyloid fibrils of insulin-derived amyloidosis
after injection."

The mechanism of insulin-derived amyloidosis formation
is unknown. Whereas local amyloidosis may occur during
continuous subcutaneous insulin infusion in humans and
rats,'? it is not known how the amyloid deposit is produced by
usual insulin injections. One factor may be the repeated insulin
injections at the same site, which was seen in all of our patients
and many previously reported cases,'”*" because such in-
jections may induce nucleus formation of amyloid fibril."'

Study Limitations
This study has a limitation because the exact prevalence
of insulin-derived amyloidosis is not known. To date, only

Figure 1 Typical physical appearance of insulin-derived > o
amyloidosis in 2 patients: patient 4 (A) and patient 6 (B). 11 cases have been reported in the English literature, but we

have experienced the 7 cases in only 1 institute. Therefore,

Table Clinical Characteristics and Insulin Therapy of the 7 Patients with Insulin-derived Amyloidosis

Patient 1 Patient 2 Patient 3 Patient 4 Patient 5 Patient 6 Patient 7

Age (y) 62 32 82 71 80 68 58
Sex M M F M F M M
Type of Diabetes Type 1 Type 1 Type 1 Type 1 Type 1 Type 1 Type 2
Duration of Diabetes (y) 20 25 17 30 13 18 17
HbA1c (%) 9.0 9.7 8.8 8.5 10.2 9.5 9.6
Duration of Insulin (y) 20 25 12 25 13 18 15
Insulin Formulations* L+G A+G L+G L+G A+N L+G L+G
Daily Insulin Dose

Before (U/d) 116 76 30 47 44 33 52

After (U/d) 24 35 17 26 26 26 34
Daily Insulin Dose per Weight

Before (U/kg/d) 2.11 1.00 0.76 0.75 0.92 0.75 0.71

After (U/kg/d) 0.42 0.49 0.43 0.41 0.58 0.58 0.46

HbAlc = hemoglobin Alc.

*Insulin formulations are as follows: L, insulin lispro; G, insulin glargine; A, insulin aspart; and N, neutral protamine Hagedorn insulin. All patients
continued to use the same insulin formulations after changing the insulin injection sites, except for patient 5 in whom neutral protamine Hagedorn insulin
was replaced by insulin detemir.
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Figure 2 Serum insulin levels after 10 units of an insulin injection into an abdominal
insulin-derived amyloidosis site (open circles) or a normal site (closed circles). (A) Insulin
lispro injected in patient 1. (B) Insulin aspart injected in patient 2. (C) Insulin lispro injected
in patient 3. (D) Insulin aspart injected in patient 5.

insulin-derived amyloidosis may be a more common compli-
cation of insulin therapy than previously thought and a more
common manifestation of amyloid-related disease. In addition,

a recent study indicated that insulin amyloid fibrils have
2 different forms with corresponding differences in cellular
toxicity,'” which may have important clinical implications.
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Figure 3 Plasma glucose levels after 10 units of an insulin injection into an abdominal
insulin-derived amyloidosis site (open circles) or a normal site (closed circles). (A) Insulin
lispro injected in patient 1. (B) Insulin aspart injected in patient 2. (C) Insulin lispro injected
in patient 3. (D) Insulin aspart injected in patient 5.
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CONCLUSIONS

Insulin-derived amyloidosis can cause poor glycemic control
and increased insulin dose requirements in insulin-treated pa-
tients because of impairments in insulin absorption. Physicians
caring for insulin-treated diabetic patients should be mindful
of insulin-derived amyloidosis and specifically assess for it on
physical examination, especially in patients with increasing
insulin requirements or erratic blood glucose levels.
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