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KEYWORDS Abstract

Cortisol in Background: Endogenous hyperinsulinemic hypoglycemia (EHH) is a rare clinical condition. The
hypoglycemia; aim of this study was to evaluate baseline plasma cortisol concentration and its concentration
Fasting test; during hypoglycemic crisis in fasting tests (FT) performed in our center. Secondarily, the aim
Insulinoma; was to establish the relationship between baseline cortisol and the time of evolution of EHH.
Recurrent Material and methods: A retrospective, observational, descriptive study was carried out which
hypoglycemia included patients with hypoglycemic disorder with positive FT.

Results: Of a total of 21 patients, 16 presented insulinoma, 1 nesidioblastosis, 2 malignant
insulinoma and 2 EHH without pathological diagnosis. The time from the onset of symp-
toms to diagnosis was 2 years (Q1=1.5-Q2=5.5). The comparison between median baseline
cortisol (BC)=11.8 mcg/dl (nmol/L 340.68) (Q1=9-Q3=14.1) and median cortisol during
hypoglycemic episode (HC)=11.6 mcg/dl (nmol/L: 303.44) (Q1=7.8-Q3=16.1) showed no dif-
ferences (Z=-0.08; P>.05). When correlating BC with HC, no significant relationship was
observed (r=0.16; P>.05). When correlating the glycemic value in the crisis and the HC, a
slight negative trend was found (r=—0.53; P=.01). In addition, we found that recurrent hypo-
glycemic disorder is associated with lower baseline cortisol values the longer the time of its
evolution.
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PALABRAS CLAVE
Cortisol en
hipoglucemia;

Test de ayuno;

Conclusion: We confirmed that cortisol values remain low during hypoglycemic episodes, rein-
forcing the hypothesis of lack of response of this counterregulatory hormone in cases of
recurrent hypoglycemia.

© 2023 SEEN and SED. Published by Elsevier Espafa, S.L.U. All rights reserved.

Evaluacion del cortisol plasmatico durante el test de ayuno en pacientes con
sindrome hipoglucémico por hiperinsulinismo endégeno. Experiencia de 15 afios

Resumen
Introduccioén: El sindrome hipoglucémico por hiperinsulinismo endégeno (SHHE) es una condi-

Objetivos: El objetivo primario fue evaluar el cortisol plasmatico basal y en la crisis
hipoglucémica durante los tests de ayuno y el objetivo secundario, establecer la relacion entre

Materiales y métodos: Estudio retrospectivo, observacional y descriptivo que incluyé pacientes
adultos con sindrome hipoglucémico con test de ayuno positivo.

Resultados: De un total de 21 pacientes, 16 presentaron insulinoma, 1 nesidioblastosis, 2 insuli-
noma maligno y 2 SHHE sin diagnostico anatomopatologico. El tiempo de sintomas del inicio
del cuadro hasta el diagnostico fue 2 anos (Q1=1.5-Q2=5.5). La comparacion entre la medi-
ana de cortisol basal=11.8 mcg/dl (Q1=9-Q3=14.1) y la mediana de cortisol durante la crisis
hipoglucémica=11.6 mcg/dl (Q1=7.8-Q3=16.1) no mostro diferencias (Z=-0.08; P>.05). No
se observo relacion significativa entre cortisol basal y cortisol en la crisis hipoglucémica (r = 0.16;
P> .05). Se hallo correlacion con tendencia negativa entre la glucemia de la crisis y el corti-
sol basal (r=-0.53; P=,01). Ademsas, cuanto mayor fue el tiempo de evolucion del sindrome
hipoglucémico, menores fueron los valores de cortisol basal.

Conclusiones: Los valores de cortisol se mantienen bajos durante la crisis hipoglucémica
reforzando la hipotesis de la falta de respuesta de esta hormona contrarreguladora en casos de

© 2023 SEEN y SED. Publicado por Elsevier Espana, S.L.U. Todos los derechos reservados.

In.sulmoma; . cion clinica poco frecuente.
Hipoglucemia
recurrente
cortisol basal y el tiempo de evolucion del SHHE.
hipoglucemia recurrente.
Introduction

Endogenous hyperinsulinaemic hypoglycaemia (EHH) is a
clinical condition caused by excess insulin secretion. Insuli-
noma is the most common cause of EHH, with an incidence
of 1-4 persons per million in the general population.' Other
causes of EHH include pancreatic islet cell hyperplasia,
nesidioblastosis’ and the presence of anti-insulin or anti-
insulin receptor antibodies.

The manifestation of symptoms, signs or both, asso-
ciated with blood glucose values below 55mg/dl, insulin
greater than or equal to 3 pU/mL, C-peptide greater than
or equal to 0.6ng/mL, proinsulin of at least 5.0 pmol/l
and beta hydroxybutyrate less than or equal to 2.7 mmol/l,
makes it possible to document EHH and subsequently per-
form localisation diagnostic studies and finally confirm the
aetiology.®

In hypoglycaemia episodes, counterregulatory hormones
such as cortisol, growth hormone (GH), glucagon, adrenaline
and noradrenaline play an essential role in elevating blood
glucose to the normal range. However, the physiological
response of these hormones to acute and chronic hypogly-

caemia is not the same. In experimental models in which
intravenous insulin is administered to induce acute hypo-
glycaemia, recovery from hypoglycaemia coincides with
the counterregulatory hormones’ response and increased
endogenous glucose production. Reduced glucose utilisation
does not seem to play an essential role. The main hormone
involved in this case is glucagon, and catecholamines do
not appear to be initially important, although they take
on a critical role when the glucagon response is deficient.*
Erturk et al. assessed the response of ACTH and cortisol in
an insulin hypoglycaemia test in 193 patients and observed
that cortisol values above 18 ng/dl was indicative of an
adequate response of the hypothalamic-pituitary-adrenal
axis.?

In contrast, a decrease in the response of the counter-
regulatory hormones is observed in recurrent hypoglycaemia
episodes. As published by Davis et al.,® Widam’ and Moheet,?
by provoking two or more episodes of hypoglycaemia on dif-
ferent days in healthy patients, they observed a reduction in
the blood glucose threshold value required to trigger a coun-
terregulatory hormone response. This phenomenon has also
been observed in clinical studies in patients with hypogly-
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caemia in other contexts.’ In a study involving 112 patients
with type 2 diabetes with hypoglycaemia, 23 of them (20.5%)
had an inadequate cortisol response (<18 ug/dl)."® Another
experimental study in patients with type 1 diabetes, in
which the hypoglycaemic clamp procedure was performed,
found a similar defective response of cortisol concentration
with a decrease in the latter (2043 pg/dl in euglycaemia
and 1042 pg/dl in hypoglycaemia; P<.01)."" In neonates
with hyperinsulinaemic hypoglycaemia in whom cortisol val-
ues were tested against hypoglycaemia, there was also an
inadequate cortisol response to hypoglycaemia.'? For adult
patients with EHH (insulinoma, nesidioblastosis), studies
are limited and the results are mixed. Some publications
have compared pre- and post-surgery counterregulatory hor-
mone values in patients with insulinoma by performing a
hypoglycaemic clamp procedure, finding that there is an
inadequate initial response that normalises after surgical
treatment. '™

When the hypoglycaemic episode does not occur spon-
taneously, the fasting test can be used to recreate the
circumstances in which symptomatic hypoglycaemia is likely
to occur. At the Hospital Italiano de Buenos Aires, a national
reference centre for the study and treatment of hypogly-
caemic syndromes for 30 years, an average of 5 fasting
tests a year are performed. In these years of experience,
variability in cortisol response in hypoglycaemic seizure dur-
ing the fasting test has been observed in EHH patients.
Considering that there are no data related to this obser-
vation available in Latin America, the primary objective of
this study is to evaluate the behaviour of baseline plasma
cortisol values and in hypoglycaemic seizures during the
fasting tests performed at our centre over the last 15 years,
whereas the secondary objective is to establish the rela-
tionship between the baseline cortisol value and duration of
EHH.

Material and methods

This was an observational, descriptive, retrospective and
cross-sectional study. All patients over 15 years of age
referred for EHH who presented a positive fasting test (see
Appendix B Annex 2: Fasting test protocol) between Jan-
uary 2007 and December 2021 were included. Patients with
a positive fasting test in whom baseline cortisol and/or cor-
tisol during hypoglycaemic seizure was not measured were
excluded, as were those with a diagnosis of adrenal insuffi-
ciency previously treated with glucocorticoids, subjects who
used corticosteroids during the fasting test and those who
did not meet the inclusion criteria. All the data evaluated
came from secondary databases of the electronic medical
record data repository, which contains all the medical infor-
mation of each patient in the Hospital Italiano de Buenos
Aires health system.

The following variables were considered for analysis:
serum cortisol, measured by chemiluminescence (reference
range: 5—25png/dl), at the beginning of the fasting test and
during hypoglycaemic seizure, and EHH duration in years.

The statistical analysis was carried out with the soft-
ware SPSS v.19.0. The quantitative variables are described

with medians with their respective interquartile ranges. The
qualitative variables are described with their absolute fre-
quencies. Median comparison tests and linear correlation
tests were performed. P-values <.05 were considered to be
statistically significant.

Ethical considerations

This study was conducted in accordance with ethical prin-
ciples in line with national and international human health
research standards. The protocol was approved by the insti-
tutional Research Protocols Ethics Committee.

Results

Of a total of 27 patients, six were excluded for the use of
corticosteroids during the fasting test, leaving a final sam-
ple of 21 patients. Fourteen were female, median age was
39 years (Q1=32-Q3=50), 16 had a confirmed diagnosis of
insulinoma, one nesidioblastosis, two malignant insulinoma
and two with positive fasting test without an aetiological
diagnosis. Since neither our centre nor Argentina has the
capability to measure sulphonylureas in blood or urine, these
data could not be collected.

The median body mass index (BMI) was 27 kg/m?
(Q1=23.5-Q3=30.7). The median duration of the fast-
ing test was seven hours (Q1=3.5-Q3=28) and the
time from symptom onset to diagnosis was two years
(Q1=1.2-Q3=5.5). Baseline cortisol was 11.8ug/dl
(340.68 nmol/l) and cortisol during hypoglycaemic seizure
was 11.6 pg/dl (303.44nmol/l); the comparison between
the two dependent samples showed no differences
(Z=-0.08; P>.05). No significant correlation was observed
between baseline cortisol and cortisol during hypoglycaemic
seizure (r=0.16; P>.05) (Appendix B, see Annex 1: Fig. 1).
A negative correlation was found between the blood glucose
value during seizure (median 39 mg/dl; Q1=34-Q3=42.5)
and cortisol during hypoglycaemic seizure (r=-0.53;
P=.01) (see Appendix B, Annex 1: Fig. 2 and Table 1).

A negative correlation was observed between the time
since diagnosis and baseline cortisol (n=17; r=-0.54;
P=.025) (see Appendix B, Annex 1: Fig. 3). This corre-
lation was not found with cortisol (r=-0.19; P>.05) nor
with blood glucose during hypoglycaemic seizure (r=0.21;
P> .05). No relationship was found between patient age and
baseline cortisol and cortisol during hypoglycaemic seizure
(r=0.07; P>.05 and r=-0.03; P>.05). No correlation was
found between baseline cortisol and BMI or between the
time since diagnosis and BMI.

Discussion

Defects have been observed in the response threshold of
counterregulatory hormones in patients with EHH, although
to date it has proved impossible to determine the causal
mechanism. Studies evaluating the effect of repeat episodes
of hypoglycaemia in healthy individuals have suggested a
defect in cortisol secretion, as published by Davis et al."®
and Widom and Simonson.” The latter also ascertained that
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the blood glucose values required to stimulate the secre-
tion of counterregulatory hormones were increasingly lower
following repeated stimuli.

This study assessed cortisol levels during a fasting test in
people with EHH, finding that cortisol values were not ele-
vated as would be expected in response to a hypoglycaemic
seizure. In line with our findings, other reports of cases
with insulinomas mention that they might present hypogly-
caemia unawareness and a reduction in counterregulatory
hormone response, similar to what has been observed in
hypoglycaemia in patients with diabetes mellitus on insulin
therapy.'>'%17 Mitrakou et al.’® also observed that sponta-
neous and repeat episodes of hypoglycaemia in six patients
with insulinoma reduced the counterregulatory hormone
response as previously reported, although neurogenic and
neuroglycopenic symptoms also diminished.'

In contrast, Vella et al.,? in a study including 65 patients
with insulinoma, eight with NIPHS (noninsulinoma pancre-
atogenous hypoglycaemia syndrome) vs 23 controls during
a 72-h fasting test, concluded that patients with insulinoma
had significantly higher cortisol values than controls in hypo-
glycaemia (contrary to our finding). However, the controls
never reached hypoglycaemic values that would render it
possible to draw an adequate comparison (the lowest blood
glucose value was 63 mg/dl).

In this study, no significant differences were found when
dependent samples were compared between baseline corti-
sol and cortisol during hypoglycaemic seizure (see Appendix
B, Annex 1: Fig. 1), i.e. no increase in cortisol was observed
during the hypoglycaemic event. No significant relationship
was found when the correlation was performed. This would
reinforce the idea of a lack of a counterregulatory cortisol
response to low blood glucose levels in people with recur-
rent hyperinsulinaemic hypoglycaemia. Similar results may
be inferred in patients with insulinoma in previous stud-
ies, although the statistical analysis of these results was not
reported in all of them,'>'® except for Simonson et al., who
described it in patients with type 1 diabetes mellitus. "

When blood glucose values during hypoglycaemic seizure
and cortisol values during hypoglycaemia were correlated,
a negative trend emerged: the lower the blood glucose val-
ues, the higher the cortisol values, which is what would be
expected in a normal physiological response (see Appendix
B, Annex 1: Fig. 2). Our study found no relationship between
patient age and baseline cortisol and cortisol values during
hypoglycaemic seizure. This was not reported in previous
studies.

Furthermore, a negative correlation was found between
symptom progression time and the diagnosis of insuli-
noma, and baseline cortisol (see Appendix B, Annex 1: Fig.
3), which could translate into a chronic adaptation to a
reduced response of the counterregulatory system to recur-
rent hypoglycaemia. Other studies published to date have
not described the correlation between symptom onset and
the diagnosis of insulinoma,’>'® meaning that our study is
the first to consider the correlation between these two
variables.

Both Vea et al.?" and Maran et al.,?> Davis and Shamoon'?
and Mitrakou et al.”® studied patients before and after
insulinoma resection surgery: nine weeks, three, five and
six months, respectively, showing an improvement in post-
surgical counterregulatory hormone values, achieving values

similar to those of healthy subjects. Since this is a retro-
spective study and we do not have such data, it would be
interesting to be able to analyse our post-surgical results for
the future. However, it should be borne in mind that to assess
the recovery of cortisol response in these cases, it would not
be feasible to repeat a fasting test as at diagnosis, but rather
this should be studied using a hypoglycaemic clamp, as was
reported in the studies mentioned above.'3'821,.22

It is hypothesised that the diminished response of coun-
terregulatory hormones to recurrent hypoglycaemia may be
due to several reasons. One paper posits that the central
nervous system may adapt to recurrent hypoglycaemia, as
evaluated in vivo in rats with insulinoma implants before and
after their excision.? In patients with diabetes, it has been
proposed that this may be due to paracrine effects at the
pancreatic islet level in the case of glucagon,?* or to sub-
clinical autonomic neuropathy in the case of epinephrine.’

Rizza et al.?® published that patients with insulinoma
have hyperinsulinaemia associated with diminished glu-
cose production and utilisation, with a predominance of
decreased hepatic gluconeogenesis compared to healthy
individuals, possibly due to a direct hepatic effect of insulin.
What is not clear is whether these effects are due to hyper-
insulinaemia per se, as suggested by Rizza et al.,” as well
as by Davis and Shamoon,® or whether they are also sec-
ondary to defects in the release of other counterregulatory
hormones (e.g. cortisol).

On the other hand, the decreased counterregulatory
response is attributed to a possible adrenal insufficiency
(Al). In their case report, Kaffel et al."”” posit that one
patient with insulinoma presented reversible hypopitu-
itarism secondary to insulinoma. Some studies hypothesise
that repeat exposure to hyperinsulinaemic hypoglycaemia
episodes may lead to secondary Al through the attenua-
tion of the hypothalamic-pituitary-adrenal axis.?®?” Only
one patient in our study underwent a synthetic tetracosac-
tide (Synacthen®) stimulation test prior to surgery, which
resulted in cortisol within normal pre- and post-stimulus
values. Although the stimulation test is not part of the
pre-insulinoma work-up if Al is not suspected, it would be
interesting to consider it for future studies evaluating the
cortisol response in these cases.

In conclusion, this paper confirms that cortisol val-
ues remain inappropriately low during a hypoglycaemic
seizure, reinforcing the hypothesis of the lack of response
of this counterregulatory hormone in cases of recurrent
hypoglycaemia. Furthermore, this same state of recurrent
hypoglycaemia was found to have a prolonged association
with lower baseline cortisol values the longer the duration
of EHH. We believe that given the low prevalence of this
condition, having these results in Latin America is extremely
valuable.

Main findings

e The time between symptom onset and diagnosis was 2
years.

o No differences were found between baseline cortisol and
cortisol during the seizure.

e Nossignificant relationship was observed between baseline
cortisol and cortisol during hypoglycaemic seizure.
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¢ A negatively-trending correlation between blood glucose

during the seizure and baseline cortisol was found.

e The longer the duration of EHH, the lower the baseline

cortisol values.
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