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Cortisol Response in Insulinoma

Öztürk and Kulaksızoğlu.

Cortisol Response to Hypoglycemia in Insulinoma: 
Clinical and Biochemical Correlates

ABSTRACT

Objective: Insulinoma is the most frequent cause of endogenous hyperinsulinemic hypoglycemia. 
Recurrent hypoglycemia may impair the hypothalamic–pituitary–adrenal axis. This study evaluated 
the cortisol response during hypoglycemia in patients with insulinoma and examined clinical and 
biochemical correlates of counter-regulation.

Methods: This retrospective cross-sectional study included 14 insulinoma patients in whom cortisol 
was measured during hypoglycemia in a 72-hour fasting test. Controls comprised 28 individuals who 
underwent an insulin tolerance test: 14 with normal adrenocortical function (NAF) and 14 with sec-
ondary adrenal insufficiency (SAI). Cortisol levels were compared across groups, and correlations with 
clinical/biochemical variables were analyzed in the insulinoma group.

Results: Cortisol levels were significantly lower in insulinoma patients than in NAF patients (P < .001) 
but comparable to those in SAI patients (P = .709). HbA1c correlated positively with cortisol response 
(r = 0.73, P = .003), while symptom duration showed a negative but nonsignificant association.

Conclusion: An attenuated cortisol response was observed during hypoglycemia in patients with 
insulinoma. The positive correlation between hemoglobin A1c and cortisol levels suggests that 
chronic exposure to recurrent hypoglycemia may weaken the counter-regulatory response; however, 
this finding should be validated in larger prospective studies.
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Introduction

Insulinoma is a neuroendocrine tumor originating in the pancreas that typically has a benign 
course and is the most common cause of endogenous hyperinsulinemic hypoglycemia.1 
Although rare, with an estimated incidence of 1 to 4 cases per million annually, it represents a 
clinically significant condition that must be considered in any patient presenting with hypo-
glycemia.1,2 The diagnosis is generally established by documenting hypoglycemia during a 
72-hour fasting test in conjunction with elevated serum insulin, C-peptide, and proinsulin 
levels.2,3 Surgical excision is typically effective in achieving a complete cure; however, delays 
in diagnosis are common, and recurrent hypoglycemic episodes can significantly impair 
patients’ quality of life.4

Under physiological conditions, the early defense against hypoglycemia begins with a rapid 
suppression of pancreatic insulin secretion, followed by a coordinated activation of counter-
regulatory hormones. Among these, glucagon and adrenaline act as the primary mediators, 
while growth hormone and cortisol help restore plasma glucose levels and maintain meta-
bolic homeostasis.5 The duration, severity, and frequency of hypoglycemic episodes influ-
ence the magnitude and pattern of this hormonal response.6,7 Cortisol is a key component of 
the late counter-regulatory response, which is characterized by stimulation of hepatic gluco-
neogenesis and a reduction in peripheral glucose utilization.

In recent years, several reports have described an inadequate cortisol response to hypogly-
cemia in patients with insulinoma.8-11 This blunted response has been hypothesized to result 
from the suppressive effects of recurrent hypoglycaemic episodes on the hypothalamic–pitu-
itary–adrenal (HPA) axis.6,12 However, the extant evidence is confined mainly to case-based 
reports, and only a small number of studies have undertaken a systematic evaluation of this 
phenomenon.

The present study systematically evaluated the cortisol response to hypoglycemia in indi-
viduals with insulinoma and analyzed clinical and biochemical factors that may influence 
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this response. The objective of the present study is to provide a more 
comprehensive perspective on HPA axis function in this patient 
group, thereby contributing to the extant body of literature on the 
subject.

Methods

This study is a retrospective cross-sectional analysis conducted in the 
Department of Endocrinology and Metabolism, Faculty of Medicine, 
Necmettin Erbakan University, between January 2010 and December 
2025, involving patients diagnosed with insulinoma. The study was 
approved by the Ethics Committee of Necmettin Erbakan University 
(Decision no: 2025/5490, Date: January 24, 2025).

As this study was designed retrospectively based on medical record 
review, no written informed consent was obtained from the patients. 
Patient data were anonymized and handled in accordance with the 
Declaration of Helsinki and institutional ethical standards.

Patient Selection
In this retrospective cross-sectional study, 21 patients diagnosed with 
insulinoma at the center between 2010 and 2025 were evaluated. 
The inclusion criteria were as follows: measurement of serum cortisol 
levels during hypoglycemia documented during the 72-hour fast-
ing test, radiological confirmation of the insulinoma diagnosis using 
imaging modalities (computed tomography (CT), magnetic reso-
nance imaging (MRI), or endoscopic ultrasonography (EUS)), and age 
≥18 years. The exclusion criteria encompassed systemic glucocorti-
coid therapy and incomplete clinical or biochemical data. In accor-
dance with the established criteria, the study included 14 patients.

The control group was selected from patients who underwent an 
insulin tolerance test (ITT), widely accepted as the gold standard 
for evaluating the integrity of the HPA axis and assessing cortisol 
responses to hypoglycemia. This choice was made because insulin-
induced hypoglycemia during the ITT represents the most physi-
ologically comparable model to endogenous hyperinsulinemic 
hypoglycemia, providing a relevant framework for evaluating the 
HPA axis response. The control group was established using a ret-
rospective evaluation of 36 patients who had undergone the ITT at 
the center during the same period. Patients with incomplete test 
protocols or insufficient clinical/biochemical data were excluded 
from the study. The final number of patients included in the study 

was 28. The study divided the individuals into 2 groups based on 
serum cortisol levels measured up to the 120th minute of the ITT. 
Individuals with cortisol levels of ≥18 μg/dL were classified as hav-
ing normal adrenocortical function (NAF), whereas those with corti-
sol levels of <18 μg/dL were classified as having secondary adrenal 
insufficiency (SAI).

Data Collection
The clinical and biochemical data of patients included in the study 
(insulinoma, NAF, and SAI groups) were retrospectively obtained from 
the electronic medical records. The evaluated variables included age, 
sex, fasting glucose, HbA1c, sodium, potassium, urea, adrenocortico-
tropic hormone, basal cortisol, post-test glucose level, cortisol level 
measured at the time of hypoglycemia (blood glucose <45 mg/dL), 
insulin, and C-peptide concentrations. In addition, for the insulinoma 
group, clinical parameters such as symptom duration, time to hypo-
glycemia during the 72-hour fasting test, and tumor size were also 
analyzed.

All biochemical measurements throughout the study period were 
performed in the same central laboratory using identical analytical 
methods and reference ranges. The laboratory regularly participated 
in national quality control programs, and no significant changes 
in assay techniques or instrumentation occurred during the study 
period.

Diagnosis and Test Procedure
In the insulinoma group, cortisol levels were measured during epi-
sodes of hypoglycemia (plasma glucose levels <45 mg/dL) in a 
72-hour fasting test. The 72-hour fasting test involves hospitalizing 
the patient and maintaining fasting until hypoglycemic symptoms 
develop or the plasma glucose level falls below 45 mg/dL, at which 
point the test is terminated. During this process, the plasma glucose, 
insulin, C-peptide, proinsulin, and cortisol levels were concurrently 
evaluated. The diagnosis of insulinoma was established according to 
the criteria of plasma insulin ≥3 μU/mL and C-peptide ≥0.6 ng/mL 
measured during hypoglycemia. To confirm the diagnosis and local-
ize the tumor, a range of radiological imaging techniques were 
employed, including CT, MRI, and, when necessary, EUS.

In the control group, the ITT was performed following an overnight 
fast. Intravenous insulin (0.1 U/kg) was administered to induce con-
trolled hypoglycemia (blood glucose <45 mg/dL). During the test, 
serum glucose and cortisol levels were measured at 0, 30, 60, 90, and 
120 minutes. For the control patients, the cortisol level during hypo-
glycemia was defined as the cortisol value at the 0-minute time point 
after hypoglycemia induction (glucose <45 mg/dL). All biochemical 
analyses in both groups were conducted under identical laboratory 
conditions.

Statistical Analysis
All statistical analyses were performed using SPSS software (IBM 
SPSS Corp.; Armonk, NY, USA). Continuous variables are expressed 
as mean ± standard deviation or as median (minimum–maximum), 
while categorical variables are presented as frequencies and per-
centages (%). The normality of distribution for continuous variables 
was assessed using the Kolmogorov–Smirnov test. For group com-
parisons, an independent-samples t-test or one-way analysis of vari-
ance (ANOVA) was used for normally distributed variables, whereas 
the Mann–Whitney U-test or the Kruskal–Wallis test was used for 
non-normally distributed variables. Categorical data were analyzed 

MAIN POINTS
•	 A lower cortisol response has been observed in patients with 

insulinoma during hypoglycemia compared with individuals 
with NAF.

•	 The present study has demonstrated that cortisol levels dur-
ing hypoglycemia in patients with insulinoma are compa-
rable to those observed in individuals with secondary adrenal 
insufficiency.

•	 A clear positive correlation was observed between HbA1c levels 
and the cortisol response during hypoglycemia in patients with 
insulinoma; lower HbA1c levels were associated with a blunted 
cortisol response.

•	 In patients who required perioperative corticosteroid coverage, 
hypothalamic–pituitary–adrenal axis function normalized after 
surgical treatment.
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using the chi-square test or Fisher’s exact test when appropriate. 
Additionally, in the insulinoma group, correlations between cortisol 
levels during hypoglycemia and continuous variables, including age, 
HbA1c, tumor size, and fasting glucose, were assessed using Pearson 
or Spearman correlation analyses, depending on distribution. A P 
value <.05 was considered statistically significant in all studies.

Results

A total of 14 patients with insulinoma and 28 control subjects (14 
with NAF and 14 with SAI) were included in the study. The demo-
graphic and laboratory characteristics of the groups are summarized 
in Table 1. No significant difference was observed between groups 
in terms of sex distribution. The mean age was higher in the insu-
linoma group, although this difference was not statistically signifi-
cant (P = .17). Fasting glucose levels were significantly lower in the 
insulinoma group compared to both the NAF and SAI groups (P < 
.001 for both). HbA1c levels were also significantly lower in the insu-
linoma group compared with the NAF (P = .035) and SAI groups (P < 
.001). Regarding basal cortisol levels, significant differences were 
observed between groups: patients with insulinoma had higher lev-
els compared with those in the SAI group (P = .007). Likewise, the NAF 
group exhibited significantly higher basal cortisol levels than the SAI 
group (P = .009). In contrast, when cortisol levels were measured at 
the onset of hypoglycemia (0 min; plasma glucose <45 mg/dL), the 
insulinoma group showed significantly lower cortisol levels than the 
NAF group (P < .001). However, there was no significant difference 
between the insulinoma and SAI groups at this time point (P = .709).

In the insulinoma group, the relationships between cortisol levels 
at the time of hypoglycemia and clinical and biochemical variables 
are presented in Table 2. A statistically significant, positive correla-
tion was observed between HbA1c and cortisol levels (r = 0.728, 
P = .003). Symptom duration showed a negative correlation with 
cortisol levels; however, this association did not reach statistical sig-
nificance (r = −0.419, P = .136). No significant correlations were found 

between cortisol levels and age, tumor size, fasting glucose, insulin, 
or C-peptide levels.

All fourteen patients with insulinoma underwent surgical treat-
ment. Among them, only 3 patients had serial cortisol measure-
ments obtained during the fasting test, up to 120 minutes following 
the onset of hypoglycemia. In these cases, cortisol levels remained 
below 18 µg/dL throughout the sampling period, and perioperative 
glucocorticoid supplementation was deemed necessary. No peri-
operative complications were observed, and all patients, including 
those who received steroid support, exhibited recovery of HPA axis 
function postoperatively, without the need for ongoing glucocorti-
coid therapy.

Discussion

In physiological conditions, the initial manifestation of hypoglycemia 
is characterized by suppression of insulin secretion from the pancreas, 
followed by activation of counter-regulatory hormones intended to 
restore glucose levels. In the early phase of this response, glucagon, 
epinephrine, and norepinephrine levels rise, while in the later phase, 
increases in growth hormone and cortisol are observed.5 In clinical 
practice, insulin-induced hypoglycemia is regarded as one of the 
most reliable diagnostic tests for adrenal insufficiency. Consequently, 
in instances of insulinoma, the occurrence of hypoglycemia, pre-
cipitated by excessive insulin secretion from tumor cells, would 
be anticipated to result in an escalation in counter-regulatory hor-
mones, including cortisol. However, in individuals with type 1 or type 
2 diabetes undergoing intensive glycemic control and experiencing 
recurrent iatrogenic hypoglycemic episodes, an inadequate cortisol 
response (<18 μg/dL) has been reported.13-15 In addition, several case 
reports have documented attenuated cortisol responses to hypogly-
cemia in patients with insulinoma, with some cases even developing 
SAI requiring glucocorticoid replacement therapy.9-11The objective 
of this study was to extend the current body of evidence, which is 
limited to case reports, by undertaking a systematic comparison of 

Table 1.  Comparison of Demographic and Laboratory Characteristics Between Groups

Variables
Insulinoma

(n = 14)
NAF

(n = 14)
SAI

(n = 14)
Insulinoma vs. NAF

P
Insulinoma vs. SAI

P
NAF vs. SAI

P
Sex, n (%) ​
  Female
  Male​

​
8 (57.1)

6 (42.9)

​
10 (71.4)
4 (28.6)

​
8 (57.1)

6 (42.9)

​
.693

​
1.000

​
.693

Age (years) 46.5 ± 16.5 37.8 ± 16.5 40.2 ± 5.5 0.17 .200 .609
Fasting glucose (mg/dL) 50.0 ± 17.4 98.0 ± 24.3 108.7 ± 34.0 P < .001* P < .001* .347
HbA1c (%) 4.7 ± 0.6 7.0 ± 1.9 6.2 ± 0.7 .035* P < .001* .340
Sodium (mmol/L) 140.5 ± 2.7 139.8 ± 2.0 138.0 ± 2.4 .447 .014* .049*
Potassium (mmol/L) 4.2 ± 0.3 4.3 ± 0.3 4.1 ± 0.4 .170 .641 .131
Urea (mg/dL) 23.7 ± 9.3 24.6 ± 3.4 27.0 ± 8.7 .783 .385 .361
ACTH (ng/L) 23.4 ± 19.7 21.9 ± 8.8 25.3 ± 7.9 .800 .738 .284
Basal cortisol (μg/dL) 8.7 ± 3.8 7.6 ± 2.4 5.2 ± 2.1 .367 .007* .009*
Post-hypoglycemia glucose 
(mg/dL, ITT/ fasting test)

34.7 ± 8.7 30 ± 8.3 31.1 ± 4.9 .153 .196 .663

0-min cortisol (μg/dL) 
(glucose < 45 mg/dL)

8.6 ± 4.0 15.4 ± 3.8 8.1 ± 1.8 P < .001* .709 .009*

Values are presented as mean ± SD for normally distributed variables and as median [min–max] for non-normally distributed variables.
Statistical analyses were performed using the Independent Samples t-test for normally distributed variables, the Mann–Whitney U-test for non-nor-
mally distributed variables, and the chi-square test for categorical data.
*Bold values indicate statistically significant results.
ITT, insulin tolerance test; NAF, normal adrenocortical function; SAI, secondary adrenal insufficiency.
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the cortisol response to hypoglycemia in patients with insulinoma 
and in individuals with NAF, as well as in patients with confirmed SAI. 
The present study demonstrated that cortisol levels during hypogly-
cemia were significantly lower in the insulinoma group than in the 
NAF group. However, these levels were similar to those observed in 
patients with SAI. These findings provide insights into the inadequate 
cortisol response observed during hypoglycemia in insulinoma 
patients. However, it should be acknowledged that the timing of cor-
tisol assessment differed slightly between groups. In patients with 
insulinoma, cortisol was measured at the point of spontaneous hypo-
glycemia, whereas in the ITT group, it was determined immediately 
after insulin-induced hypoglycemia. These two time points may not 
represent identical physiological stages: spontaneous hypoglycemia 
may develop following a more prolonged decline in plasma glucose, 
whereas ITT reflects an earlier and experimentally controlled phase 
of the counter-regulatory response. This methodological difference 
may partially explain the lower cortisol concentrations observed 
in the insulinoma group, as endogenous hyperinsulinemia in insu-
linoma could generate a slower but more sustained hypoglycemic 
stress compared with the abrupt insulin-induced decline during ITT. 
Although cortisol levels were assessed at a single time point during 
hypoglycemia, this measurement likely represents the peak of the 
acute stress response. The finding that cortisol levels in insulinoma 
patients were significantly lower than those with normal adrenocor-
tical function but comparable to those with SAI underscores the clini-
cal relevance of this observation. Therefore, while this approach may 
not capture the full dynamic pattern of HPA axis activity, it provides 
important clues regarding a delayed or blunted adrenal response to 
hypoglycemia.

The underlying mechanism of the inadequate cortisol response 
observed during hypoglycemia remains to be fully elucidated; 
however, extant evidence suggests that it may be associated with 
multiple pathophysiological processes. As demonstrated in experi-
mental models, recurrent exposure to hypoglycemia reduces the 
threshold for counterregulatory hormone release, thereby delay-
ing the onset of the response and reducing its amplitude.6 Studies 
conducted on healthy volunteers have demonstrated that even after 
only a few episodes of hypoglycemia, there is a significant suppres-
sion of the HPA axis.7,16,17 The clinical observations reported herein are 
consistent with these findings, indicating that recurrent spontane-
ous hypoglycemic episodes in patients with insulinoma may lead to 
diminished secretion of cortisol as well as other counterregulatory 

hormones, ultimately contributing to impaired hypoglycemia aware-
ness.6,12 In the present study, a positive correlation was observed 
between HbA1c levels and cortisol response during hypoglycemia, 
thereby supporting the hypothesis that recurrent and profound 
hypoglycemic episodes suppress counterregulatory mechanisms. 
As an indirect indicator of average glycemic status, HbA1c also pro-
vides insight into the frequency of hypoglycemic exposure. Patients 
with lower HbA1c values are generally known to experience more 
frequent and/or severe hypoglycemic events, which may drive adap-
tive changes within the HPA axis, resulting in delayed and blunted 
cortisol responses. Conversely, patients with higher HbA1c values 
may be relatively less exposed to hypoglycemia, thereby preserving 
counterregulatory thresholds and enabling a more adequate cortisol 
response during hypoglycemia.

The findings of the present study demonstrated a negative correla-
tion between symptom duration and cortisol response. However, 
this relationship did not reach statistical significance, which may 
be attributable to the study’s limited sample size. In a similar vein, 
Gullace et al8 reported a negative correlation between the interval 
from symptom onset to diagnosis and basal cortisol levels in patients 
with insulinoma, suggesting that this may reflect a chronic adaptation 
of the counterregulatory system with diminished responsiveness to 
recurrent hypoglycemia. Nevertheless, unlike HbA1c, symptom dura-
tion does not directly capture the frequency or severity of hypogly-
cemic exposure, which may explain the weaker association observed 
in this study. Specifically, while the duration of symptoms merely 
reflects the time elapsed since disease onset, HbA1c provides a more 
objective and comprehensive biochemical indicator of the intensity 
and persistence of the hypoglycemic burden.

A salient finding of the present study was that 3 patients in the insuli-
noma group received perioperative glucocorticoid supplementation 
due to inadequate cortisol response before surgery. As demon-
strated in the extant literature, cases in which perioperative steroid 
support was administered have been reported to recover without 
complications, with restoration of HPA axis function in the postop-
erative period.11 In the present study, it was observed that all patients 
exhibited uneventful recovery following surgery, thus negating the 
necessity for ongoing steroid therapy. From a clinical standpoint, 
evaluating cortisol dynamics during hypoglycemia in patients with 
insulinoma may provide valuable insights for both diagnostic and 
management purposes. Identifying an inadequate cortisol response 
could not only help differentiate insulinoma-related hypoglycemia 

Table 2.  Correlations Between Clinical and Laboratory Parameters and Cortisol Response During Hypoglycemia in Patients with 
Insulinoma
Variables Mean ± SD [min–max] r P
Age (years) 46.5 ± 16.5 [22-71] 0.215 .461
Symptom duration (months) 20.7 ± 17.0 [0.5-48] −0.419 .136
Time to hypoglycemia during fasting test (hours) 3.8 ± 2.8 [0.5-9] 0.204 .524
Tumor diameter (mm) 17.3 ± 8.2 [6-30] −0.133 .732
Fasting glucose (mg/dL) 50.0 ± 17.4 [21-91] 0.271 .349
Hba1c (%) 4.7 ± 0.6 [3.3-5.7] 0.728 .003*
Basal cortisol (μg/dL) 8.7 ± 3.8 [2.6-15.5] 0.417 .138
Insulin (mU/L, glucose <45 mg/dL) 20.4 ± 19.2 [0.71-65.0] −0.155 .650
C-peptide (μg/L, glucose <45 mg/dL) 3.6 ± 2.2 [1.8-9.89] −0.145 .670
Post-fasting test glucose (mg/dL) 34.7 ± 8.7 [20-44.9] −0.145 .620

*Bold values indicate statistically significant correlations.
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from other etiologies of spontaneous hypoglycemia, but it might 
also inform perioperative risk assessment and the need for tempo-
rary glucocorticoid coverage. Incorporating such hormonal evalu-
ation into preoperative work-up could therefore enhance patient 
safety and optimize endocrine management strategies.

The present study has several methodological and sample-related 
limitations that warrant consideration. Firstly, the retrospective cross-
sectional design inherently introduces the possibility of incomplete 
or missing data and restricts the ability to infer causal relationships. 
Moreover, because data collection was retrospective, the presence 
and severity of hypoglycemic symptoms at the time of cortisol mea-
surement were not consistently documented, precluding a system-
atic evaluation of their potential impact on the hormonal response. 
Secondly, the relatively small sample size may have reduced the 
statistical power, particularly for variables with modest effect sizes, 
thereby increasing the likelihood of type II error in non-significant 
findings. In addition, although substantial variability in cortisol levels 
was observed, other counter-regulatory hormones (such as gluca-
gon and growth hormone) were not assessed, limiting a compre-
hensive evaluation of the entire counter-regulatory network. Cortisol 
response was measured only once during the fasting test at the point 
of hypoglycemia, without serial sampling at subsequent time points; 
therefore, information regarding the temporal dynamics of HPA axis 
activation could not be obtained. Consequently, the lower cortisol 
levels observed in insulinoma patients may not necessarily indicate a 
complete absence of axis activation but rather a delayed or blunted 
response. Furthermore, the frequency and severity of hypoglycemic 
episodes were not directly quantified, and HbA1c was used as an 
indirect surrogate marker. Despite these limitations, the study also 
has notable strengths. The inclusion of both patients with normal 
adrenocortical function and those with secondary adrenal insuf-
ficiency provided a unique comparative framework, allowing for a 
more specific interpretation of cortisol responses during hypoglyce-
mia. To the current knowledge, this is the first study to explore the 
relationship between HbA1c and cortisol response in insulinoma, 
offering new insights into the complex interaction between chronic 
glycemic exposure and counter-regulatory adaptation. Future pro-
spective studies with larger cohorts and dynamic hormonal profiling 
are warranted to further validate and expand upon these findings.

In conclusion, an attenuated cortisol response to hypoglycemia 
was observed in patients with insulinoma. The positive correlation 
between HbA1c and cortisol levels suggests that chronic exposure 
to recurrent hypoglycemia may weaken the counter-regulatory 
response; however, this finding should be validated in larger pro-
spective studies.
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