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Poor glycemic control attributable to
insulin antibody in a fulminant type 1
diabetes patient under hemodialysis:
successful treatment with double filtration
plasmapheresis and prednisolone
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Abstract

Background: Insulin antibody appears in approximately 40% of insulin users using human insulin and insulin analog
formulations. Insulin antibody, characterized by high affinity and low insulin antibody binding capacity (% bound),
rarely causes clinical problems including poor glycemic control. Recently, the insulin antibody against human insulin
causing deterioration of glycemic control, characterized by low affinity and high insulin antibody binding capacity
similar to those observed in insulin autoimmune syndrome, has been reported.

Case presentation: A 62-year-old male developing fulminant type 1 diabetes showing rapid hyperglycemia (602 mg/dL)
and normal range of glycoalbumin (GA) (18.4%) in the introductory stage of hemodialysis (HD) was transferred to our
hospital 3 weeks after the onset of diabetes. He had been administered insulin intensification therapy in other medical
clinic; however, his glycemic control remained poor, showing ketoacidosis. After hospitalization, he was initially
administered intravenous insulin for 2 days and then switched to subcutaneous intensification therapy (24 U/day);
the dose was gradually increased maximum of 72 U/day within 2 months. His glycemic control deteriorated despite
high-dose insulin administration and change in the insulin type. Insulin antibody was detected, insulin antibody binding
capacity (% bound) was of a high value (89.5%), GA was 32.9%, and casual blood glucose widely changed in continuous
glucose monitor, suggesting that unstable blood glucose fluctuations caused by insulin antibody; therefore, treatment
with double filtration plasmapheresis (DFPP) and prednisolone (PSL) was performed. The insulin dose reduced, and
glycemic control improved from 1 month after the commencement of treatment. Subsequently, insulin antibody level
remained high; however, after 6 months, % bound declined (20.9%), and glycemic control improved (GA 23.7%) by PSL
(gradually reduced to 5 mg/day). The Scatchard plots also indicated the effectiveness with DFPP and PSL therapy.

Conclusions: The authors present a unique case of fulminant type 1 diabetes developing during the HD introduction
period. Although this is a rare complication, physicians specializing in dialysis therapy should also keep in mind that this
is a life-threatening complication if the treatment is delayed and that concomitant therapy with apheresis such as DFPP
and long-term steroids is effective in some cases when glycemic control deteriorates attributable to insulin antibody.
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Background
Insulin antibody appear in approximately 40% of insulin
users administered human insulin and insulin analog for-
mulations. Insulin antibody, characterized by high affinity
and low insulin antibody binding capacity (% bound),
rarely causes clinical problems including glycemic control
[1]. In contrast, insulin antibody against human insulin,
characterized by low affinity and high insulin antibody
binding capacity similar to those observed in insulin auto-
immune syndrome, has been reported recently [2], with
reports mentioning that glycemic control was difficult [3].
The authors herein report a case of fulminant type 1 dia-
betes developing during the hemodialysis (HD) introduc-
tion period complicated by renal cell carcinoma (RCC).
Firstly, insulin therapy was introduced. Secondly, nephrec-
tomy was performed. Glycemic control deteriorated there-
after. The cause of poor glycemic control could be
associated with insulin antibody. Treatment with double
filtration plasmapheresis (DFPP) and prednisolone (PSL)
was performed for the case. The insulin antibody binding
capacity decreased, as was also confirmed in Scatchard
analysis. In the present case, DFPP and PSL successfully
improved a long-term glycemic control.

Case presentation
A 62-year-old Japanese male under HD due to IgA ne-
phropathy for approximately 1 week (at second HD ses-
sion) with no previous history of diabetes mellitus was
diagnosed and treated with insulin at other medical clinic.
He had not been treated with corticosteroid for IgA
nephropathy. His glycemic profile during the 2 years just
before the introduction of HD was within normal range
(fasting blood glucose level 78–98 mg/dL and hemoglobin
A1c (HbA1c; NGSP) level 5.5–5.8%). The final monitoring
for blood glucose and HbA1c levels were performed
3 months before onset of diabetes (fasting blood glucose
89 mg/dL, HbA1c 5.5%). Any precipitating event such as
pancreatitis, sepsis, medication, or any traumatic event
that might have caused impaired glucose tolerance did not
appear. He complained of thirst, nausea, and vomiting;
however, he did not show bronchitis. His body weight de-
creased 2.8 kg (height 163 cm, body weight 49.1 kg, body
temperature 37.3 °C) compared with after the first HD
session, and his blood glucose level was 602 mg/dL
(HbA1c 5.9%, glycoalbumin (GA) 18.4%). Because his gly-
cemic control was poor using insulin lispro and deemir,
he was transferred to our hospital approximately 3 weeks
after the onset of diabetes. On admission to our hospital,
his blood glucose level was 642 mg/dL with ketoacidosis
(HbA1c 8.3%, GA 32.9%, pH 7.04, HCO3

− 12 mEq/L,
plasma ketone 284 μmol/L, anion gap 19 mEq/L, plasma
osmolality 331 mOsm/L). His diabetic ketoacidosis was
managed using standard treatment protocols. The authors
managed to keep his blood glucose concentrations within
150–200 mg/dL with continuous intravenous infusion
(intravenous insulin therapy approximately 40 U/day for
2 days). Following recovery, he was introduced to an in-
tensive insulin therapy (insulin glulisine and glargine) and
maintained his blood glucose between 100 and 200 mg/dL
(insulin glulisine as bolus 6-6-6 U, glargine as basal 0-0-
6 U, a total of 24 U/day).
His blood count was as follows: white blood cells, 6900/

μL; red blood cells, 328 × 104/μL; hemoglobin, 11.8 g/dL;
hematocrit, 32.9%; platelet, 21.6 × 104/μL; using epoetin
beta pegol 25 μg/2 weeks.
His serum albumin was 4.0 g/dL, alkaline phosphatase

(ALP) 174 U/L, asparate aminotransferase (AST) 15 U/L,
alanine aminotransferase (ALT) 14 U/L, gamma-glutamyl
transpeptidase (γ-GTP) 17 U/L, blood urea nitrogen
(BUN) 89, creatinine 7.54, and uric acid 5.9 mg/dL.
The glucagon, IgG, IgA, IgM, IgG4, carcinoembryonic

antigen (CEA), and carbohydrate antigen (CA) 19-9 values
were within normal limits. Serum interleukin-2 receptor
level was slightly elevated at 1040 U/mL. Serum anti-
glutamic acid decarboxylase (GAD) antibody, islet antigen
2 (IA-2) antibody, islet cell antibody (ICA), parathyroid
hormone-related protein, anti-thyroid peroxidase (TPO)
antibody, anti-thyroglobulin antibody, calcitonin, myelo-
peroxidase anti-neutrophil cytoplasmic antibody (MPO-
ANCA), and protease 3 (PR3)-ANCA were not elevated.
The serum C-peptide immunoreactivity (CPR) level was
0.04 ng/mL, and glucagon tolerance test revealed no eleva-
tion of CPR (Δ CPR 0 ng/mL).
Human leukocyte antigen (HLA) typing showed A2/

24, B35/52, DR4(DRB1*04:01), DR15(DRB1*15:01), and
DQB1*04:02:01/DQB1*06:02:01.
The pancreatic exocrine enzymes were slightly elevated

as follows: pancreatic amylase, 155 U/l; elastase 1176 ng/
dL; and lipase 65 U/L (slightly elevated compared with
normal limits).
Abdominal ultrasonography revealed no remarkable

findings, such as pancreatic enlargement, poorly defined
edges, or ascites retention; however, it revealed a mass
in the left kidney. Contrast computed tomography (CT)
of the abdomen was subsequently performed and re-
vealed a 43-mm mass in the left kidney (Fig. 1). Two
months after admission, the mass was removed using a
laparoscopic approach, and no gross metastasis was evi-
dent at surgery. Pathology of the mass was consistent
with clear cell adenocarcinoma with no invasion of the
capsule and renal pelvis. The margins of the resection
were clear with no evidence of tumor in the renal veins.
Ultrasonography of the thyroid gland revealed no mor-

phological defects, and the fundus findings of the patient
were normal.
In the evaluation of glycemic daily profile using a con-

tinuous glucose monitor (CGM), his blood glucose level
widely fluctuated, with a tendency for hyperglycemia



Fig. 1 A contrast computed tomography study of the abdomen
revealed a 43 mm mass in the left kidney (arrow, horizontal view)
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during the day and nocturnal hypoglycemia. Two weeks
after admission, insulin antibody was detected, and the
insulin antibody binding capacity was 89.1%.
First, insulin intensification therapy was introduced (at

first, insulin lispro as bolus 6-6-6 U, detemir as basal 0-
0-6 U, total of 24 U/day; and then changed insulin gluli-
sine as bolus 6-6-6 U, glargine as basal 0-0-6 U, total of
24 U/day); however, maintaining his glycemic control in
good condition was difficult. The dosage was therefore
increased to a maximum of 72 U/day within 2 months
(Fig. 2). His glycemic control deteriorated after nephrec-
tomy despite treatment with high dose of insulin; there-
fore, he was introduced to insulin pump therapy (glulisine
as bolus 22-18-20 U, glargine as basal; 12–7 am 0.1, 7–
12 pm 0.8, 12–7 pm 0.4, 7–12 am 0.1 U/h, total of 8 U/
day, grand total of 68 U/day). Because his casual blood
glucose fluctuated widely at 246 ± 99 mg/dL in CGM
(nocturnal hypoglycemia was frequently observed), insulin
pump therapy was switched back to intensive insulin ther-
apy (glulisine as bolus 18-17-18 U, glargine as basal; 8 U, a
Fig. 2 The clinical course of the patient. DFPP was performed twice a
week for 3 h before HD for 5 weeks, totaling 10 times. Abbreviations; GA
glycoalbumin, DFPP double filtration plasmapheresis, PSL prednisolone
total of 61 U/day), resulting in an improvement in his cas-
ual blood glucose to 154 ± 55 mg/dL in CGM. Second, the
insulin antibody and antibody binding capacity was high
value; therefore, DFPP was performed twice a week for
3 h before HD for 5 weeks, totaling 10 times (concentra-
tion of replacement albumin fluid was 8%, plasma frac-
tionator Evaflux 2A-20, Kawasumi Laboratories, Tokyo,
Japan, and plasma separator Plasmacure PE-05, Kawasumi
Laboratories, Tokyo, Japan), to eliminate the antibody.
Third, PSL (Predonisolone, Takeda, Osaka, Japan) was
commenced starting at 30 mg/day, after which the dosage
was gradually decreased to 5 mg/day over 6 months. On
comparing the insulin antibody binding capacity before
treatment with that after treatment with DFPP and PSL,
the value gradually decreased from 89.1 to 20.9%
(6 months), while the casual blood glucose improved to
154 ± 55 mg/dL CGM, and the GA level declined from
36.5 to 23.7% (6 months). Furthermore, the frequency of
hypoglycemia decreased, and the amount of insulin ad-
ministered decreased from 61 to 38 U/day (6 months).
These results suggested the long-term effectiveness of
DFPP and PSL therapy (Fig. 2).
The insulin antibody binding capacity declined from

89.5% before treatment with DFPP and PSL to 23.7% at
6 months after introduction of the treatment. Further,
using a Scatchard analysis to compare human insulin be-
fore with after treatment for qualitative evaluation of the
antibody, low affinity and high binding capacity was indi-
cated before treatment, at k1 = 0.0034 × 108 M−1, R1 =
112 × 10−8M; however, the affinity elevated, and the num-
ber of binding capacity significantly declined after treat-
ment, at k1 = 0.04 × 108 M−1, R1 = 9.1 × 10−8M (Fig. 3).
The patient has continued self-monitoring of blood

glucose and self-administration of insulin and undergo-
ing chronic maintenance HD 3 times a week in our hos-
pital as an outpatient. He is clinically well, showing no
signs of exacerbation of poor glycemic control, with a
GA level of approximately 21%, even 12 months after
the initiation of the treatment (total insulin of 32 U/day
and PSL of 2.5 mg/day).

Discussion
The authors found out three important clinical issues in
the present case: First, poor glycemic control following
administration of insulin was attributable to insulin anti-
body during insulin treatment for rare fulminant type 1
diabetes developing shortly after the introduction of HD.
Second, after the treatment with DFPP and PSL to re-
duce insulin antibody, the insulin antibody value was
still high despite the results as follows: (1) a significant
decrease in the insulin antibody binding capacity, (2)
glycemic control improved, and (3) the amount of insu-
lin administered was reduced. Third, a Scatchard ana-
lysis was useful for evaluating the qualitative changes in



Fig. 3 Scatchard plots of insulin antibody in this patient. Before
treatment of double filtration plasmapheresis and prednisolone (circle,
k1 = 0.0032 × 108 M−1, R1 = 112 × 10−8 M) and after treatment (triangle,
k1 = 0.0400 × 108 M−1, R1 = 9.1 × 10−8 M). Bound/free insulin at low
concentration of bound insulin is thought to reflect the degree of
affinity of the antibody. To assess the quantity of high-affinity antibody
in relation to the level of affinity, the authors calculated the value of X
intercept (R1) multiplied by the Y intercept (k1R1) of the Scatchard line
for high-affinity binding sites, where k1 and R1 were affinity constant
and binding capacity in high-affinity binding sites, respectively. These
plots of after treatment indicate the degree of affinity of the antibody
increased, whereas the degree of binding capacity dramatically
decreased compared with before treatment
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the insulin antibody level; high affinity and a decline in
the number of binding sites were observed after treat-
ment. These results indicated the effectiveness of the
treatment with DFPP and PSL.
In general, while the pathogenesis of fulminant type 1

diabetes remains unknown, this is a subtype of non-
autoimmune, fulminant disorder characterized by a re-
markably abrupt onset (exhibiting hyperglycemia and
ketoacidosis), elevated serum pancreatic enzyme concen-
trations, depletion of endogenous insulin secretion, and
the absence of insulitis and diabetes-related antibody
within several days after onset [4]. HbA1c level is often
normal or slightly increased. The association between
the disease and viral infections has been discussed as the
cause [5], the pathogenesis is still unknown. Approxi-
mately 10% of new-onset type 1 diabetes cases in Japan
has been reported to be fulminant type. Moreover, ante-
cedent infection is observed in approximately 70%, along
with complications of the upper respiratory symptoms
and digestive symptoms [6]. Among HLA genes, several
haplotypes constructing the DRB1 and DQB1 genes have
been reported to relating to the susceptibility and resist-
ance of the onset of type 1 diabetes [7]. However, it still
remains unknown in detail. Fulminant type 1 diabetes is
a fatal disease that requires rapid diagnosis and treat-
ment. Regardless of the blood glucose level, patients
under HD generally complain of dry mouth attributable
to water restrictions. Moreover, they tend to cause as
follows: (1) pseudo-hypo HbA1c values attributable to
renal anemia and (2) shortened hemoglobin cycle. More-
over, to distinguish the present disease from dialysis dis-
equilibrium syndrome might be difficult if the present
disease developed shortly after introduction of HD. In
patients under HD with no medical history of diabetes
complicated with acute hyperglycemia and metabolic
acidosis, HbA1c and diabetes-related auto-antibodies
should be examined.
Next, regarding insulin antibody, it could be produced

by two pathways as follows: (1) exogenous insulin formu-
lations and (2) produced against the patient’s own insulin,
such as insulin autoimmune syndrome. In the present
case, the clinical course suggested that insulin antibody
were induced by exogenous insulin from the results as fol-
lows: (1) no characteristic HLA DR4 (DRB1*04:06) in the
insulin autoimmune syndrome was observed, (2) the pa-
tient had no history of taking drugs that might induce the
syndrome, and (3) the patient was undergoing exogenous
insulin treatment.
Although there are no established treatments for in-

sulin antibody, reports are available concerning the
effectiveness of apheresis such as DFPP, steroids, and
other immunosuppressive drugs [8]. As the molecular
weight of insulin antibody has not been well known,
DFPP was selected as an apheresis therapy to remove
wide range of molecular weight in the present case.
DFPP might be effective in HD patients complicated
by fulminant type 1 diabetes with a high insulin anti-
body value and poor glycemic control, as well as HD
patients complicated by other forms of insulin-
dependent diabetes. Apheresis could be one of the
most efficient therapies to eliminate antibodies; how-
ever, the therapeutic effect is temporary and disap-
pears within a short-term of approximately 6 months;
therefore, several reports are available mentioning the
effectiveness of the long-term treatment with apher-
esis repeatedly, as well as the concomitant use of
insulin-like growth factor (IGF) I for maintaining fa-
vorable glycemic control [8]. Discontinuation of insu-
lin for the purpose of reducing insulin antibody is
also one of the options [9].
Several reports in the literature describe the effect-

iveness of steroid therapy; however, the dosage of ste-
roids at the time of introduction, methods for
gradually reducing the dosage, and the presence of
steroid pulse therapy (not performed in the present
case) differ from reports. A certain consensus con-
cerning the long-term prognosis of steroid treatment
has not been obtained [10].
In the present case, since achieving good glycemic

control was difficult due to the presence of insulin anti-
bodies, the possibility remained that monotherapy
(DFPP or steroid) might be insufficient; therefore, the
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authors performed two kinds of treatments (both DFPP
and steroid) at the same time.
According to the laboratory results of the present case

on admission, an abdominal CT scan revealed no find-
ings such as pancreatic enlargement, poorly defined
edges, or ascites retention. In contrast, a mild increase
in pancreatic exocrine enzymes was observed. A thyroid
gland ultrasound revealed no morphological defects.
Despite severe hyperglycemia (602 mg/dL) at the onset
of diabetes, HbA1c (5.9%) and GA (18.4%) poorly ele-
vated. Three weeks later (when transferred to our hos-
pital), his glycemic profile changed as follows: blood
glucose 642 mg/dL, HbA1c 8.3, and GA 32.9%. Three
weeks interval of acute onset of hyperglycemia and poor
glycemic control might affect the deterioration of HbA1c
and GA levels. Moreover, serum CPR level (0.04 ng/mL)
and CPR value (0 ng/mL) by glucagon tolerance testing,
indicating depletion of insulin secretion. Pancreatic islet-
related auto-antibodies were negative.
In the present case, serological typing was DR15, and

DNA typing was DR15 (DRB1*15:01), DQB1*04:02:01/
DQB1*06:02:01 by HLA testing. These results showed
the resistance to HLA associated with type 1 diabetes
[7]. Moreover, HLA DRB1*04:05-DQB1*04:01 [11, 12]
was not observed, which provided the potential associ-
ation with fulminant type 1 diabetes. According to “the
diagnostic criteria of fulminant type 1 diabetes [13],” as-
sociation with HLA DRB1*04:05-DQB1*04:01 was not
observed in the reference findings; however, the present
case was diagnosed as fulminant type 1 diabetes that ap-
peared almost simultaneously with the introduction of
dialysis. No reports were available concerning fulminant
type 1 diabetes complicated with dialysis therapy or
renal disease. The relationship between fulminant type 1
diabetes and dialysis therapy was not clarified in this
case. It seems accordingly that fulminant type 1 diabetes
is merely an incidental complication in a HD patient.
In the present case, the clinical course suggested that

poor glycemic control was attributable to insulin anti-
body after insulin administration; however, few reports
were available showing the relationship between insulin
antibody and poor glycemic control such as in the
present case.
The patient did not require much insulin initially, but

the insulin dose gradually increased from 24 U to a max-
imum of 72 U/day within 2 months. Insulin intensifica-
tion therapy was introduced (at first, insulin lispro as
bolus and detemir as basal and then changed insulin glu-
lisine as bolus, glargine as basal); however, his glycemic
control did not improve. This showed that changeness
of the type of insulin did not effect in this case.
The number of daily exogenous insulin injections has

been reported to be a factor influencing insulin antibody
production [1]. Insulin intensification therapy could be
related to the production of high amounts of insulin
antibodies within a short period of time in this patient
accordingly.
Hattori et al. reported as follows: (1) insulin antibody

developed even in patients who have never used insulin
(2.7%), (2) insulin glargine and aspart were more anti-
genic than other insulin analogs, (3) the time to produce
insulin antibody after the start of insulin administration
varied from several days to several months [14].
In the present case, the possibility remains as follows:

(1) insulin antibody might be produced early after the
start of the insulin treatment (he had been administered
glargine at the beginning of the treatment), (2) the pa-
tient might have insulin antibody before insulin treat-
ment; thereby, a large amount of insulin was required
from the early stage of the treatment.
The insulin antibody value was remarkably elevated in

the present case. Previous studies reported that insulin
antibody observed among insulin users rarely effects on
glycemic control [1]. In contrast, as in the present case,
several reports in the literature describing poor glycemic
control caused by insulin antibody have recently in-
creased [3]. In the present case, glycemic control deteri-
orated despite strict self-administration of insulin. The
main cause could be due to the involvement of insulin
antibody as follows: (1) changes in the glycemic control
and (2) the qualitative changes of the insulin antibody,
as shown in the Scatchard analysis comparing the values
before and after treatment with DFPP and PSL. A
Scatchard analysis revealed that the patient had low af-
finity and high binding capacity before treatment, at k1
(affinity); 0.0034 × 108 M−1 and R1 (binding capacity),
112 × 10−8 M, characteristics that seemed similar to the
insulin antibody findings in patients with insulin auto-
immune syndrome [2]. In cases with poor glycemic con-
trol attributable to the appearance of insulin antibody
after the administration of insulin, as in the present case,
the Scatchard plot results showed insulin antibody char-
acteristics similar to those in patients with insulin auto-
immune syndrome [2]. Furthermore, previous reports
also found that the insulin activity could be suppressed
by increasing the insulin antibody binding capacity,
thereby causing hyperglycemia in the daytime the large
amount of insulin binding to the antibody in the daytime
due to low affinity gradually dissociated in the nighttime,
thereby causing nocturnal hypoglycemia [2]. The similar
fluctuations of blood glucose concentration were also
observed in the CGM in the present case.
A Scatchard analysis revealed “qualitative changes” in

the insulin antibodies after DFPP and long-term PSL
treatment in the present case, and significant improve-
ment in the reduction of insulin dosage, blood glucose
fluctuations (CGM), glycemic control (GA value), and
the reduction of insulin antibody binding capacity was
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observed. The combination therapy of DFPP and long-
term PSL treatment was effective. In contrast, the insulin
antibody remained high value. These results show the ef-
fectiveness of treatment with DFPP, and PSL should be
evaluated not only using the insulin antibody value but
also using the CGM, GA value, and insulin antibody
binding capacity in similar cases.
Although the present case has still been administered

PSL with gradual reduction (5 mg/day), the possibility
remains that glycemic control might deteriorate attribut-
able to a reduction or discontinuation of PSL in the fu-
ture. Insulin treatment is essential to the present case;
therefore, monitoring long-term glycemic daily profile
should be continued. Moreover, fulminant type 1 dia-
betes has been reported to be a high-risk group prone to
the advancement of microvascular diseases attributable
to poor glycemic control [15]. Long-term evaluation of
daily glycemic profile is necessary for reducing the risk
of cardiovascular disease.

Conclusions
In conclusion, the authors present a unique case of ful-
minant type 1 diabetes developing during the HD intro-
duction period. The present case is rare; however,
physicians specializing in endocrinology, nephrology,
and dialysis therapy also should keep in mind that this is
a life-threatening complication if the treatment is de-
layed and that concomitant therapy with apheresis such
as DFPP and long-term PSL is effective in some cases
when glycemic control deteriorates attributable to the
appearance of insulin antibody. No established protocol
concerning the dosage of steroids, gradual reduction
method, or criteria for discontinuation has been avail-
able. Further accumulation and investigation of similar
cases should be required.
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