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Abstract:

A 58-year-old Japanese man was brought to the emergency room due to disturbance of consciousness. He
regained consciousness on the day of admission and started taking hospital meals, but he needed intravenous
glucose administration for eight days. The total amount of glucose administration was 4,464 g. It took over
three weeks for exogenous insulin to be almost undetectable. While degludec binds to albumin and exerts
glucose-lowering effects for a long time, the above-mentioned period of three weeks was consistent with the
half-life of albumin. Hypoglycemia induced by massive dose of insulin degludec is persistent and prominent.
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Introduction

Hypoglycemia is induced by various causes, including
overuse of some anti-diabetic drugs or certain disorders,
such as insulinoma, insulin autoimmune syndrome and adre-
nal insufficiency (1-3). It is well known that severe and/or
repeated hypoglycemia leads to various clinical problems,
such as acute coronary syndrome, fundus hemorrhaging and
unconscious hypoglycemia (4, 5). It is also well known that
hypoglycemia facilitates the development of dementia, espe-
cially in elderly subjects. Therefore, it is very important to
prevent hypoglycemia as well as to obtain good glycemic
control in subjects with diabetes mellitus. Insulin degludec
is a long-acting insulin preparation used very often to obtain
good glycemic control in subjects with type 1 and type 2
diabetes mellitus. It is well known that insulin degludec ex-
erts glucose-lowing effects for a longer period of time than
other insulin preparations (6-14).

We herein report a patient with prominent and persistent
hypoglycemia induced by the administration of a massive
dose of degludec.

Case Report

A 58-year-old Japanese man was brought to the emer-
gency room in our institution due to disturbance of con-
sciousness. This individual had mental developmental delay
and had been in a facility for patients with mental retarda-
tion. He had had severe acute pancreatitis in 2013, after
which we started insulin therapy for pancreatic diabetes with
long-acting insulin degludec rapid-acting
glulisine. When we started insulin degludec, his fasting se-
rum C-peptide immunoreactivity (CPR) had been 0.6 ng/
mL, and his CPR index had been 0.52, indicating that endo-
genous insulin secretion was markedly limited in this sub-
ject. Since he repeatedly experienced hypoglycemia, we
gradually decreased the insulin dose. In 2020, we stopped
insulin degludec, and he took only 4 units/day of insulin
glulisine (2 units just before breakfast and supper). Endoge-
nous insulin secretion was low but not depleted, with the
following findings: fasting serum C-peptide, 0.8 ng/mL; C-
peptide index, 0.65; ACPR in glucagon load test, 0.8 ng/mL.
We considered him not to need larger amounts of insulin be-
cause his endogenous insulin secretion was not depleted. He
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Table 1. Laboratory Data in This Subject.

Peripheral blood

RBC 421x10* /uL Plasma glucose

Hemoglobin 13.5 g/dL C-peptide

WBC 6,970 /uL Insulin
neutrophils 79.3 % Total insulin
Lymphocytes 16.6 % HbAlc

Platelet 23.3x10* /uL Glycoalbumin

Blood biochemistry ACTH

Total protein 7.6 g/dL Cortisol

Albumin 4.6 g/dL GH

Total bilirubin 0.3 mg/dL  IGF-1

AST 54 U/L Adrenaline

ALT 50 U/L Noradrenaline

y-GTP 17 U/L Dopamine

LDH 215 U/L Glucagon

ALP 96 U/L TSH

Creatinine 0.79 mg/dL.  FT3

BUN 17 mg/dL  FT4

Amylase 113 U/L

CRP 0.07 mg/dL

Diabetes and endocrine markers

Electrolytes

25 mg/dL. Sodium 148 mEq/L
0.1 ng/mL  Potassium 2.9 mEqg/L
<0.1 pU/mL  Chloride 106 mEq/L

1,856.1 pU/mL  Calcium 9.5 mg/dL

8.2 % Phosphorous 3.2 mg/dL
25.7 % Magnesium 1.9 mg/dL
65.2 pg/mL Lipid markers
39.1 pg/dL LDL-cholesterol 86 mg/dL
7.81 ng/mL  HDL-cholesterol 57 mg/dL
212 ng/mL  Total cholesterol 180 mg/dL
424 pg/mL.  Triglyceride 70 mg/dL
667 pg/mL  Auto-antibodies

13 pg/mL.  Anti-GAD Ab <5.0

7.8 pg/mL  Anti-insulin Ab
2.16 pU/mL  Concentration 189.8 nU/mL
2.81 pg/mL  Binding rate 0.7 %
0.78 ng/mL  Anti-IR Ab negative

RBC: red blood cells, WBC: white blood cells, AST: aspartate aminotransferase, ALT: alanine aminotransferase, y-GTP: y-glutamyl

transpeptidase, LDH: lactate dehydrogenase, ALP: alkaline phosphatase, BUN: blood urea nitrogen, CPR: C-reactive protein, ACTH:

adrenocorticotropic hormone, GH: growth hormone, IGF-1: insulin-like growth hormone, TSH: thyroid stimulating hormone, FT3: free

triiodothyronine, FT4: free thyroxine, ACTH: adrenocorticotropic hormone, GAD: glutamic acid decarboxylase, Ab: antibody, IR: insu-

lin receptor

also took 8 mg of candesartan and 5 mg of amlodipine for
hypertension and 2.5 mg of rosuvastatin for dyslipidemia.
On admission, his height and body weight were 155.5 cm
and 53.2 kg, respectively. His blood pressure, heart rate and
body temperature were 102/66 mmHg, 64/min and 36.6 °C,
respectively. There were no abnormalities on chest X-ray or
an electrocardiogram. Table 1 shows the laboratory data on
admission. His plasma glucose level was as low as 25 mg/
dL. C-peptide and insulin levels were very low at 0.1 ng/mL
and <0.1 pU/mL, respectively. The C-peptide level was
markedly low. We suspected that such a marked reduction in
C-peptide and insulin levels might have been due to massive
dose administration of insulin preparation. Hemoglobin Alc
was 8.2%, and glycoalbumin was 25.7%. On a glucagon
load test, the A C-peptide was as low as 0.5 ng/mL. Various
counter-regulatory hormone levels were increased: ACTH,
65.2 pg/mL (reference range: 7.2-63.3 pg/mL); cortisol, 39.1
pg/dL (7.07-19.6 pg/dL); growth hormone, 7.81 ng/mL (0O-
2.47 ng/mL); adrenaline, 424 pg/mL (0-100 pg/mL); and
noradrenaline, 667 pg/mL (100-450 pg/mL). However, the
glucagon level was low (7.8 pg/mL) (5.4-55.0 pg/mL) de-
spite his severe hypoglycemia. Regarding electrolytes, mod-
erate hypokalemia was observed (potassium, 2.9 mmol/L).
Mild liver dysfunction was observed, but the renal function
was within the normal range (AST, 54 U/L; ALT 50 U/L;
creatinine, 0.79 mg/dL; blood urea nitrogen, 17 mg/dL). In
addition, inflammation markers were within normal range.
Abdominal contrast computed tomography (CT) revealed
pancreatic tail atrophy, probably due to his history of severe

acute pancreatitis, but no malignant findings were noted, in-
cluding insulinoma. Hypoglycemia is often induced by the
overuse of several anti-diabetic drugs, but this subject used
only 4 units/day of insulin glulisine, and he did not use any
other anti-diabetic drugs. Since his insulin level was not
high and anti-insulin antibody was negative, we excluded
the possibility of insulinoma or insulin autoimmune syn-
drome. In addition, since his cortisol level was not low, we
excluded the possibility of adrenal insufficiency. Hypoglyce-
mia can be induced by drinking too much alcohol without
enough food intake, but this subject had stopped drinking al-
cohol after severe acute pancreatitis in 2013. To examine the
cause of hypoglycemia, we measured the total insulin level
(endogenous plus exogenous insulin level). Surprisingly, the
total insulin level was as high as 1,856.1 pU/mL.

He regained consciousness on the day of admission and
started taking hospital meals (1,600 kcal/day, carbohydrate
260 g/day). Nonetheless, he needed intravenous glucose ad-
ministration for as long as eight days. The total amount of
glucose administration was as large as 4,464 g. As shown in
Table 2, even on day 8, the estimated exogenous insulin
level (total insulin level - endogenous insulin level) was 37.3
pU/mL. This estimated exogenous insulin level on day 12
and 16 was 18.6 pU/mL and 9.4 pU/mL. It took over three
weeks for exogenous insulin to be almost undetectable. The
endogenous insulin level gradually increased with the de-
crease in the estimated exogenous insulin level (Table 2).
While degludec binds to albumin and exerts glucose-
lowering effects for a long time, the above-mentioned period
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Table 2. Time Course of Estimated Exogenous Insulin Level (Total Insulin Level - Endog-

enous Insulin Level).

Day 1 Day8 Dayl12 Dayl16 Day20 Day27
Blood glucose (mg/mL) 25 106 130 147 155 168
Total insulin (uU/mL) 1,856.1 387 20.3 11.8 6.4 4.2
Endogenous insulin (uU/mL) <1.0 14 1.7 24 2.0 39
Estimated exogenous insulin (WU/mL)  1,856.1 37.3 18.6 9.4 4.4 0.3

of three weeks was consistent with the half-life of albumin.
We thus considered the possibility that the overuse of de-
gludec was the cause of hypoglycemia. By 3 days after ad-
mission, we began to considered the possibility that this
subject suffered from hypoglycemia due to degludec, as his
insulin level was as high as 1,856 ulU/mL and the hypogly-
cemia was prolonged, but we failed to confirm such a possi-
bility. We asked the facility staff and his family to check the
patient’s room, and they found insulin degludec, which we
had stopped prescribing nearly one year earlier. We finally
diagnosed this subject with prominent and persistent hypo-
glycemia induced by the administration of a massive dose of
insulin degludec. Needless to say, we explained to the facil-
ity staff that a fixed dose of insulin should be injected every
day and that the insulin injection should be watched over by
the facility staff. However, we cannot exclude the possibility
that this subject self-adjusted insulin dose when the facility
staff did not watch over insulin injection. In addition, we
strictly instructed the facility staff on the necessity of dis-
carding residual insulin preparations and confirmed this
point verbally. However, we believe that this was not per-
formed thoroughly, with insulin degludec being actually left
in the patient’s room. As he did not appear to have been at-
tempting suicide, why the patient injected such a massive
dose of insulin remains unclear. However, since he had men-
tal developmental delay, it was likely that his cognitive func-
tion was impaired and this injection was performed in error.

Discussion

In the present report, we described a subject who had
prominent and persistent hypoglycemia induced by the ad-
ministration of a massive dose of long-acting insulin de-
gludec. Although he regained consciousness on the day of
admission and started taking hospital meals, he needed intra-
venous glucose administration for eight days. The total
amount of glucose administration was 4,464 g. Furthermore,
it took over three weeks for exogenous insulin to be almost
undetectable.

In the present subject, endogenous insulin was measured
with an insulin measurement kit FUJIREBIO. (Tokyo, Ja-
pan). This measurement principle was based on the one-step
sandwich method using ALP-labeled anti-insulin monoclonal
antibody. In the cross-reaction test of this method, there was
no cross-reactivity with insulin degludec. However, the total
insulin was measured with a chemiluminescence immunoas-
say using an insulin measurement kit (Siemens Healthineers,

Tokyo, Japan). This measurement principle was also based
on the one-step sandwich method using acrydinium ester-
labeled anti-insulin monoclonal antibody. In the cross-
reaction test of this method, we noted cross-reactivity with
various kinds of insulin preparations.

It is well known that persistent hypoglycemia leads to
various clinical problems, such as acute coronary syndrome,
fundus hemorrhaging and unconscious hypoglycemia (4, 5).
It is also well known that hypoglycemia facilitates the devel-
opment of dementia, especially in elderly subjects. There-
fore, it is very important to prevent hypoglycemia as well as
to obtain good glycemic control in subjects with diabetes
mellitus. It is noted here that since insulin degludec forms a
multi-hexamer under the skin and exerts glucose-lowering
effects for a long time through its binding to albumin in the
circulating blood flow, hypoglycemia induced by degludec is
considered to be prominent and persistent, as observed in
this subject. Given a report showing the time course of the
serum insulin level after the injection of 300 doses of de-
gludec (15), we assume that this subject injected quite a
large amount of insulin degludec, but it would be very diffi-
cult to estimate the injected dose of degludec based on the
serum insulin level, as there is marked variation among pa-
tients in endogenous insulin secretory capacity and insulin
resistance.

In this subject, the glucagon level was as low as 7.8 pg/
mL (reference range: 5.4-55.0 pg/mL) despite his severe hy-
poglycemia (blood glucose: 25 mg/dL), although other
counter-regulatory hormone levels were increased. Since the
response of serum glucagon levels was reportedly poor un-
der hypoglycemic conditions in subjects with chronic pan-
creatitis (16), the glucagon response may have worsened due
to his history of severe acute pancreatitis. In addition to the
above-mentioned characteristics of insulin degludec, we sus-
pect that such a worsened glucagon response was also in-
volved in the prominent and persistent hypoglycemia in this
subject.

We feel that the present case report highlights a variety of
important messages. First, hypoglycemia triggered by insulin
degludec is quite persistent and prominent. Second, we
should be careful of triggering hypoglycemia when we use
insulin degludec in subjects with a limited glucagon re-
sponse, such as those with a history of severe pancreatitis.
Third, we should give strict instructions concerning the need
to discard residual insulin preparations and confirm such ac-
tions thoroughly. Fourth, we should bear in mind the possi-
bility of massive insulin injection in subjects experiencing
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severe hypoglycemia with marked hyperinsulinemia and
lowered C-peptide levels. Finally, this case report under-
scores the importance of choosing anti-diabetic drugs, in-
cluding insulin preparations, especially in subjects with a
poor condition, in clinical practice. The choice to administer
long-acting insulin degludec per se did not appear to have
been appropriate for this subject, because severe hypoglyce-
mia in this subject was likely induced by the following rea-
sons: possible poor response of glucagon secretion, presum-
ably due to severe pancreatitis; an insufficient evaluation of
the potential decline in his cognitive function, and the insu-
lin preparations being managed by the facility staff rather
than his own family.

When we fail to detect the cause of hypoglycemia, we
should check the total insulin level in clinical practice. We
should also bear in mind that hypoglycemia induced by a
massive dose of insulin degludec is persistent and promi-
nent, and we should take care of such subjects very care-
fully for a long period of time.
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