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Abstract
Background—Hyperinsulinism in child-
hood is often caused by genetic defects
involving the regulation of insulin secre-
tion leading to recurrent episodes of
hypoglycaemia. We report two patients
with exercise induced hypoglycaemia.
Methods—Standardised short exercise
tests with frequent blood glucose and
plasma insulin measurements were per-
formed in the patients and young healthy
controls.
Results—Short term exercise resulted in
insulin induced hypoglycaemia 15 to 50
minutes after the end of exercise. A
massive burst of insulin secretion was
observed within a few minutes of the start
of exercise in both patients. By contrast
glucose and insulin concentrations re-
mained unchanged in healthy controls.
Conclusions—Hyperinsulinaemic hypo-
glycaemia after moderate physical exer-
cise represents a rarely described
phenotype of hyperinsulinism with an as
yet unknown defect in the regulation of
insulin secretion. It should be suspected in
individuals with recurrent exercise re-
lated syncope or disturbance of conscious-
ness.
(Arch Dis Child 2001;84:254–257)
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Hyperinsulinism is a disease phenotype charac-
terised by increased insulin secretion leading to
hypoglycaemia (blood glucose concentration
less than 2.6 mmol/l), coma, and potential
brain damage if untreated. DiVuse as well as
focal histological abnormalities of the pancreas
have been described. Aynsley-Green and col-
leagues1 defined a disease characterised by
severe non-ketotic hypoglycaemia with inap-
propriately raised plasma insulin concentra-
tions presenting during the neonatal period.
This severe form, with irregular hyperinsulin-
ism, is usually called persistent hyperinsulinae-
mic hypoglycaemia of infancy (PHHI; OMIM
601820), nesidioblastosis, or familial hyperin-
sulinism (HI; OMIM 256450). Hyperinsulin-
ism may be caused by a range of biochemical
disturbances and molecular defects,2 such as a
defective KATP channel caused by mutations in
the sulphonylurea receptor gene or the Kir6.2
gene,3 or an increased activity of â cell glucoki-
nase or glutamate dehydrogenase.4 5

We now report two patients with exercise
induced hyperinsulinaemic hypoglycaemia,
who represent a rarely recognised clinical phe-
notype.

Patients and methods
PATIENT 1

A 16 year old boy of Caucasian origin
presented with a two year history of recurrent
syncope. These episodes usually occurred a
few minutes after vigorous exercise. Family
history was unremarkable. Blood glucose
measurements during one of these syncopes
revealed severe hypoglycaemia (blood glucose
<1.6 mmol/l; control range 3.0–5.5 mmol/l)
which responded rapidly to intravenous glu-
cose. The patient was subsequently admitted to
our hospital for further diagnostic evaluation.
Physical examination, including psychomotor
development, was completely normal. Repeat-
edly normal concentrations of ammonia ex-
cluded the syndrome of hyperammonaemia
and hyperinsulinaemia.5 In the fasting state, he
developed symptomatic hypoglycaemia after
12 hours. At this time blood glucose was 2.2
mmol/l and insulin 20 mU/l. A second fasting
test also resulted in hypoglycaemia and con-
firmed hyperinsulinism. Of note, ketone bodies
and free fatty acids were very low during
hypoglycaemia.

We suspected an insulinoma but ultrasonog-
raphy and magnetic resonance imaging of the
pancreas were unrevealing. 111In octreotide
scintigraphy was normal. Diagnostic
laparotomy with manual investigation of the
pancreas and intraoperative ultrasonography
did not show any abnormalities. Several
pancreatic biopsies showed normal pancreatic
histology. We did not perform pancreatic
resection and the patient declined further diag-
nostic work up to rule out a focal lesion,
including pancreatic venous sampling. He was
treated with diazoxide (3.5 mg/kg/day) and his
blood glucose is stable so long as he avoids
exercise.

PATIENT 2

This girl presented at the age of 11 months,
when she was admitted with convulsions. Fam-
ily history was unremarkable. She had probably
suVered from concussion on the previous day
and had been eating poorly. Blood glucose was
0.9 mmol/l on admission and rose to normal
with intravenous glucose. Subsequently, she
had several hospital admissions for hypoglycae-
mic episodes and syncope. Spontaneous blood
glucose values in the range 0.9–2.0 mmol/l
were measured several times during early
childhood. Blood insulin concentration was
never measured at the time of her repeated
hypoglycaemic episodes. However, there was
no hint of any other inborn metabolic disease.
Subsequently, extended fasting did not pro-
voke hypoglycaemia.
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At the age of 5 years her liver biopsy was
morphologically normal. Magnetic resonance
imaging of the pancreas was normal. Prolonged
exercise, particularly swimming, seemed to
cause hypoglycaemia like symptoms, diVerent
from exhaustion and fatigue, although bio-
chemical hypoglycaemia was never docu-
mented. At the age of 15.4 years we performed
a bicycle exercise test with monitoring of
plasma glucose and insulin (fig 2). The test was
stopped after 10 minutes and blood glucose
concentration measurements 20 minutes later
revealed hyperinsulinaemic hypoglycaemia,
caused by a notable increase in insulin
secretion.

METHODS

Study protocol
DiVerent standardised exercise tests were
performed in both patients to evaluate the
cause of the exercise induced hypoglycaemia.

Patient 1—Exercise associated insulin and
glucose profiles were studied during 100
minutes, starting five minutes before a five
minute dumbbell exercise. The exercise test
was performed three times under diVerent
conditions: without diazoxide after a four hour
fast; with diazoxide (3.5 mg/kg/day) after a four
hour fast; and with diazoxide (3.5 mg/kg/day)
45 minutes after a carbohydrate rich meal.
Time interval between the three exercise tests
was at least one week. Control values for the
glucose and insulin response to five minutes of
dumbbell exercise were obtained in four
healthy individuals (age 21–31 years). In addi-
tion, baseline blood insulin and glucose
concentrations without exercise were measured
every 15 minutes for 12 hours (without diazox-
ide) or 24 hours (with diazoxide), respectively.
The diurnal insulin profiles were compared to
those of 11 young healthy controls investigated
by the same protocol. The results are published
elsewhere.6

Patient 2—A bicycle exercise test with 10
minutes of intensive cycling was performed,
with glucose and insulin concentration
measured every five minutes for 60 minutes.
Control values for the glucose and insulin
response to 10 minutes of bicycle exercise were
obtained in four healthy individuals (age 21–31
years).

Analytical methods
One drop of each blood sample was immedi-
ately used for blood glucose concentration
measurements with a precision plus analyser
(Medisense, UK). We used this technique as
we had to evaluate the glucose concentrations
immediately during the testing. Portable gly-
caemia dosimeters are useful because of their
high reproducibility (SD 0.15 mmol/l), but
have a lack of accuracy compared to laboratory
based methods primarily influenced by the
haematocrit. However, haematocrit was always
stable and normal in our patients. The rest of
the blood sample was stored on ice and centri-
fuged after clotting. The serum was stored at
−80°C until analysis. Serum insulin concentra-
tions were determined using the insulin ELISA
(enzyme linked immunosorbent assay; Dako

Diagnostika, Hamburg, Germany), a highly
sensitive two site immunospecific ELISA with
two monoclonal murine antibodies. The detec-
tion limit of the assay is 0.5 mU/l. There is no
cross reactivity with human C peptide and vir-
tually none with human proinsulin (0.3%),
32–33 split proinsulin (0.3%), and des-31–32
split proinsulin (0.5%). Each sample was
assayed in duplicate.

Results
The endocrine work up confirmed mild hyper-
insulinism with reduced fasting tolerance in
patient 1. The analysis of insulin secretion and
glucose concentration was performed during
basal conditions and without any medical
treatment over a 12 hour daytime period; this
showed a high mean insulin secretion (37.3
mU/l versus 17.1 mU/l in controls) but no epi-
sodes of hypoglycaemia. Insulin secretion was
normalised after treatment with diazoxide
(18.1 mU/l; fig 1), with low insulin values at
rest during the night and stable glucose
concentrations despite the night fast. Patient 1
performed three exercise tests under diVerent
conditions (table 1). Maximum insulin con-
centrations were measured 8–12 minutes after
the beginning of exercise, which was stopped
after five minutes (fig 2). The patient became
hypoglycaemic 21–50 minutes after the end of
exercise. Neither diazoxide nor pre-exercise
food intake changed the patient’s susceptibility
for exercise induced hypoglycaemia (table 1).

In patient 2 a short bicycle exercise test elic-
ited a similar burst of insulin secretion, result-
ing in hypoglycaemia 20 minutes after the end

Figure 1 Twenty four hour insulin and glucose v time
profile in patient 1 under basal conditions. With diazoxide
treatment (3.5 mg/kg/day) the glucose concentration was
stable. Postprandial increases of glucose (arrows) are
followed by a normal pattern of postprandial insulin
release.

10

9

6

8

4

5

7

3

2

0

1

20

Daytime (h)

G
lu

co
se

 (
m

m
o

l/l
)

151050

60

40

50

30

20

0

10

In
su

lin
 (

m
U

/l)

Exercise induced hypoglycaemic hyperinsulinism 255

www.archdischild.com

 on M
ay 19, 2023 by guest. P

rotected by copyright.
http://adc.bm

j.com
/

A
rch D

is C
hild: first published as 10.1136/adc.84.3.254 on 1 M

arch 2001. D
ow

nloaded from
 

http://adc.bmj.com/


of exercise (fig 2). Healthy control subjects
showed no major increase in blood insulin
concentration after exercise (table 1, fig 2).

Discussion
These two children had recurrent exercise
induced episodic syncope. Exercise tests con-
firmed hyperinsulinaemic hypoglycaemia in
both. This phenotype diVers from all previ-
ously described types of hyperinsulinism. It is
characterised by mild exercise related hyperin-
sulinism with relatively good fasting tolerance
of at least 12 hours without medical treatment,
and highly increased insulin secretion after
short term “anaerobic” exercise, resulting in
symptomatic hypoglycaemia.

Remarkably, when we studied these chil-
dren, only short, intensive exercise resulted in
hypoglycaemia. We tested patient 1 three times
to determine an adequate form of treatment.
However, neither diazoxide nor food intake
before exercise prevented hypoglycaemia. In
this condition it is not clear to what extent
insulin secretion is caused by exercise or food
intake. Nevertheless, despite diVerent treat-

ment regimes, this patient still became hy-
poglycaemic after exercise.

Previous investigations had resulted in hy-
perinsulinaemic fasting hypoglycaemia in pa-
tient 1, but it is important to note that he was
not at rest during the fasting episode. He was
walking, climbing stairs, etc, and this kind of
physical exercise may have contributed to
increased basal insulin secretion and fasting
hypoglycaemia. After the night fast he always
had stable blood glucose concentrations.

Frequent serial blood sampling revealed a
burst of insulin secretion in response to
exercise, resulting in a gradual lowering of
blood glucose and overt hypoglycaemia 20–50
minutes after discontinuing the exercise. At
that time, insulin concentrations were still
increased in relation to low blood glucose con-
centrations.

Hyperinsulinism throughout the day was
confirmed by frequent blood sampling. Treat-
ment with diazoxide, in a low dose of 3.5
mg/kg/day, lowered insulin concentrations to
the normal range. Increasing diazoxide dosage
resulted in hyperglycaemia and mild oedema.

Table 1 Insulin and glucose v time profile in patient 1 (A, B, C) and healthy controls after five minutes of dumbbell
exercise or 10 minutes of bicycle exercise

Exercise test Study protocol
Max. insulin
(mU/l)*

Min. glucose
(mmol/l)*

A Without diazoxide, after 4 hours fast 49 (12 min) 1.9 (30 min)
B With diazoxide, after 4 hours fast 88 (10 min) 1.7 (54 min)
C With diazoxide, 45 min after carbohydrate rich meal 209 (8 min) 2.0 (55 min)
Dumbbell controls (n = 4) After 4 hours fast 3.5–13 (1–44 min) >3.5 mmol/l
Bicycle controls (n = 4) After 4 hours fast 8.8–16 (1–35 min) >4.2 mmol/l

*Time after exercise in parentheses.

Figure 2 Exercise test. After five basal measurements at rest, patient 1 and four healthy young adult controls performed
dumbbell exercise for five minutes. The insulin and glucose concentrations were measured every minute for 90 minutes.
Patient 2 and four healthy controls underwent intensive bicycle exercise for 10 minutes. Insulin and glucose concentrations
were measured every five minutes.
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However, repeated exercise testing showed a
persistent burst of insulin release during
exercise, even during diazoxide medication.

Various biochemical disturbances and mo-
lecular defects have been described in hyperin-
sulinism.2 However, none of the hitherto iden-
tified pathogenetic mechanisms can explain
exercise induced hyperinsulinism. Alterations
in the KATP channel activity of pancreatic â cells
caused by mutations in the SUR-1 or Kir6.2
genes result in a continuously aberrant release
of insulin, which, in most cases is not regulated
by metabolic signals. In addition, hyperinsuli-
naemia with focal pancreatic lesions has been
related to a loss of maternal alleles in 11p15
and paternal SUR-1 mutations.7 8 Late onset
hyperinsulinism after the neonatal period has
been described in individuals with autosomal
dominant inherited mutations in the glucoki-
nase4 or the glutamate dehydrogenase
(GLUD-1) gene.5 So far, mutational analyses
in our patients have been unremarkable. How-
ever, in all patients with known genetic defects
resulting in hyperinsulinism the phenotype was
clearly diVerent from exercise induced hy-
poglycaemia. As our patients have been clini-
cally stable without vigorous exercise latterly
and there was no evidence of an insulinoma,
pancreatic resection was not indicated.

A previous report described two siblings
presenting with hyperinsulinism aggravated
after vigorous exercise.9 These siblings had
syncope after exercise at the age of 14 and 27

years, respectively. They might suVer from the
same entity as our patients.

The underlying defect of this new phenotype
entity is unknown but familial appearance in
two siblings9 strongly suggests a genetic basis.
Exercise induced hyperinsulinaemic hypogly-
caemia should be included in the diVerential
diagnosis of recurrent exercise related syncope
and other disturbances of consciousness.
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