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Introduction: There are limited data regarding the role of oral glucose tolerance

test (OGTT) in classifying glycemic alterations in patients with adrenal

incidentaloma (AI). This study aims to compare the frequency of dysglycemia

[pre-diabetes mellitus (DM) and DM] among patients with non-functioning

adrenal incidentalomas (NFAI), mild autonomous cortisol secretion (MACS),

and controls; and to assess the area under the curve (AUC) in the OGTT and

determine whether the OGTT was decisive in diagnosing dysglycemia in

each population.

Methods: A cross-sectional study was conducted on 65 NFAI (1mg-

dexamethasone suppression test [DST] ≤1.8mg/dL), 45 MACS (1mg-DST ≥1.9mg/
dL), and 56 controls. The control group was selected based on normal adrenal

imaging. Patients were classified as normoglycemic or dysglycemic based on

fasting glucose, glycated hemoglobin, and OGTT.

Results: AUC >290mg.h/dL was found in 75% of MACS, 55% of NFAI, and 22% of

controls (p=0.008). The presence of AI was determinant for this result. Glucose

levels ≥155mg/dL at the 1-hour during the OGTT were observed in 75% of MACS,

65% of NFAI, and 28% of controls (p=0.01). Dysglycemia frequency was higher in

MACS and NFAI than controls (91.1 vs. 90.8 vs. 73.2%; p=0.01). The OGTT

changed the classification in 27% of MACS, 23% of NFAI, and 3% of controls

(p=0.03). Presence of AI increased the odds ratio for benefiting from OGTT to

obtain a more accurate dysglycemia classification by 9.5 times.
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Conclusion: Patients with AI had a higher dysglycemia frequency, and a

significant number of these patients benefited from OGTT in classifying

glycemic alterations.
KEYWORDS

adrenal incidentaloma, adrenal adenoma, diabetes mellitus, prediabetes, oral glucose
tolerance test
Introduction

Adrenal incidentaloma (AI) is an adrenal mass incidentally

discovered on imaging studies performed for reasons unrelated to

adrenal diseases (1, 2). The incidence of AI has been increasing

significantly with the advancement of imaging technology and its

wider availability (3, 4). In most cases, these lesions are benign, non-

functioning adenomas. Themost common functioning adrenal lesion

is mild autonomous cortisol secretion (MACS), previously known as

subclinical Cushing’s syndrome or subclinical hypercortisolism (1, 3).

Recent AI guideline management suggests using the 1mg-

dexamethasone suppression test (1mg-DST) to categorize patients

as having non-functioning adrenal incidentaloma [NFAI, serum

cortisol level ≤50 nmol/L (≤1.8 mg/dL)] or MACS [> 50 nmol/L

(>1.8 mg/dL)] (1).
While MACS is recognized for its association with metabolic

disturbances, more recent literature has also shown an increased

prevalence of cardiometabolic comorbidities in patients with NFAI.

Patients with MACS have a higher incidence of central obesity,

impaired glucose tolerance (IGT), metabolic syndrome (MS), and

diabetes mellitus (DM). Recent studies have also shown an increase

in these conditions in NFAI (5–9).

Regarding glycemic alterations, current guidelines for the

management of AI do not explicitly link NFAI to these

comorbidities. While MACS is recognized as a condition associated

with IGT and DM, there is currently no specific recommendation for

screening these disorders in this population (1–4). In patients with

overt hypercortisolism, the oral glucose tolerance test (OGTT) with

75g of dextrose is considered of paramount importance to diagnose

glycemic disorders. This exam becomes particularly important in this

population since fasting glucose (FG) levels may not be sufficient to

assess glucose homeostasis in Cushing’s syndrome, since most of

these patients have normal FG levels (10). It is extremely important to

highlight the role of this test in these patients, since the OGTT is an

exam that is often neglected in clinical practice, especially when FG is

normal (10). However, studies demonstrating the importance of

OGTT in patients with AI are still lacking (10, 11).

This study aims to investigate the frequency of prediabetes and

DM in patients with MACS and NFAI, compared to a control

group. Additionally, the study seeks to determine whether OGTT

can be a decisive tool for accurately classifying glycemic alterations

in these patients.
02
Methods

Study design

This is a cross-sectional observational study carried out at

Clementino Fraga Filho University Hospital (HUCFF) of the

Federal University of Rio de Janeiro (UFRJ). The study was

approved by the local Research Ethics Committee under protocol

number 37024120.6.0000.5257 and was conducted in accordance

with the Helsinki Declaration (2013). All subjects provided written

informed consent before participating in the study, including

consent for the publication of the results.

From February 2020 to August 2022, patients were selected

from the Endocrinology Outpatient Clinic at HUCFF/UFRJ, and

the control group was selected using the hospital imaging database

obtained from the Radiology Unit (patients with normal adrenal

glands on abdominal computed tomography (CT) or magnetic

resonance imaging (MRI).

The inclusion criteria for patients with AI were: 1) unilateral or

bilateral adrenal mass detected incidentally during imaging

examinations unrelated to suspected adrenal disease; 2) tumor with

benign radiological characteristics, including a homogeneous mass

with a regular shape and well-defined margins, and an attenuation

index < 10 Hounsfield units. For tumors with a diameter ≥ 4 cm,

contrast-enhanced washout CT was evaluated, and patients were

included if the relative washout was >40%; 3) absence of signs and

symptoms suggestive of overt Cushing’s syndrome, such as

violaceous striae, delayed wound healing, and proximal muscle

weakness; 4) absence of other diagnoses of adrenal tumors such as

primary aldosteronism (PA), pheochromocytoma, paraganglioma,

adrenocortical carcinoma, myelolipoma, or congenital adrenal

hyperplasia; and 5) absence of medication use that interferes with

dexamethasone metabolism such as barbiturates, phenytoin,

carbamazepine, rifampin, pioglitazone, ketoconazole, ritonavir,

macrolide antibiotics, estrogens, diltiazem and fluoxetine.

Patients and controls were evaluated according to the following

exclusion criteria: 1) age <18 years; 2) pregnancy; 3) alcoholism or

drug abuse; 4) hepatic or renal failure (defined as Child-Pugh score

B or C and creatinine clearance <15mL/min, respectively); 5)

uncontrolled neuropsychiatric disorders; 6) septic or seriously ill

patients; 7) post-transplant; 8) current malignancy; and 9)

glucocorticoid use.
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The work up for AI was performed in all patients according to the

2023 European Society of Endocrinology guideline (1). The

investigation of pheochromocytoma and PA was performed in

accordance with the current guidelines (12, 13). The evaluation of

MACS was performed using the 1mg-DST in all patients with AI as

follows: patients with cortisol levels following 1mg-DST ≤50 nmol/L

(≤1.8 mg/dL) after an overnight fast and collected between 07:00 and

09:00 AMwere considered to have NFAI, whereas patients with cortisol

levels >50nmol/L (>1.8 mg/dL) were considered to have MACS (1).

Thus, we selected a convenience sample of all patients with AI

followed at the adrenal disease outpatient clinic of HUCFF/UFRJ,

after applying the inclusion and exclusion criteria. Sixty-five

patients with NFAI, 45 with MACS, and 56 controls were

included in the study (Figure 1).
Clinical evaluation

Clinical data and anthropometric measurements were

collected for all patients. Ethnicity was classified as white or

non-white based on self-reported information. Data on

menopausal status (cessation of menstruation for 1 year or

more) and smoking status were obtained. Body mass index

(BMI) was calculated. Waist circumference (WC) and hip

circumference were measured in centimeters, and the waist-to-

hip ratio (WHR) was calculated (14).

Glucose metabolism was assessed using FG, OGTT, and

glyca ted hemoglobin (HbA1c) . The c lass ificat ion of

normoglycemia, prediabetes, and diabetes mellitus (DM) was

based on the 2025 American Diabetes Association (ADA)

recommendations (15). In addition to the routine assessment of
Frontiers in Clinical Diabetes and Healthcare 03
the glycemic profile, other parameters that are still under study were

evaluated. The estimated glucose area under the curve (AUC) can

be calculated using OGTT data, providing a more complete view of

the glycemic response after glucose overload than a single point

measurement. Despite its limited use in clinical practice due to low

reproducibility, AUC has already been considered a suitable tool for

screening for glucose intolerance. The cut-off point of 290 mg h/dL

was chosen for the analysis because it has shown high sensitivity

(90%) and specificity (93%) to identify cases of IGT and DM in the

general population (16). Furthermore, 1h glucose after overload was

also analyzed. The cut-off point of 155 mg/dL was chosen in

accordance with the International Diabetes Federation (IDF)

posit ion statement for the diagnosis of intermediate

hyperglycemia, given its important clinical relevance as a

predictor of risk for microvascular disease, myocardial infarction,

and mortality (17). Individuals with a previous diagnosis of DM did

not undergo OGTT. The DM control criteria were defined based on

the individualized HbA1c goals for non-pregnant adults, according

to ADA recommendations (15). Patients without a prior diagnosis

of DM were not using any medication that could interfere with

glucose metabolism. Dysglycemia was defined as the presence of

pre-DM or DM. Subjects were classified as having dyslipidemia if

they were already taking lipid-lowering therapy or had lipid profile

levels above the individualized target proposed by the American

Association of Clinical Endocrinologists (AACE) (18).

Finally, patients with AI were classified as having or not having

MS according to the IDF criteria (19). IDF is the only institution

that defines WC based on specific values for each ethnicity. Because

there is no specific validation for South Americans, IDF

recommends using the same parameters as for South Asians,

which was applied in this study (19).
FIGURE 1

Recruitment strategy flowchart for AI patients (a) and control individuals (b) participation in the study. AI, adrenal incidentaloma; NFAI, non-
functioning adrenal incidentaloma; MACS, mild autonomous cortisol secretion; CT, computed tomography; MRI, magnetic resonance imaging.
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Laboratory evaluation

Serum cortisol was analyzed using electrochemiluminescence

immunoassay (Cobas, Roche 2010, Mannheim, Germany). The

inter- and intra-assay coefficients of variation (CV) were 1.6%

and 1.3%, respectively.

FG and plasma glucose levels at time 0, 1 hour and 2 hours

during OGTT was measured by the enzymatic method using

Hexokinase (Roche/Hitachi Cobas c systems) and HbA1C by the

HPLC method (Premier Hemoglobin Affinity, Bragança

Paulista, Brazil).

The AUC was calculated individually and precisely from the

sum of the areas of triangles and rectangles using the trapezoidal

method with three points (0, 1h, and 2h) in Microsoft Excel. The

unit of AUC is mg·h/dL.
Statistical analysis

The statistical analyses were performed using SPSS version 23.0

for MacOS (SPSS Inc., Chicago, IL, USA). In the descriptive analysis,

categorical variables were expressed as frequencies and percentages,

while numerical variables were expressed as means ± standard

deviations (SD) or medians (minimum – maximum). Student’s T-

test or the Mann-Whitney U-test was used to compare numerical

variables between the two groups, as appropriate. The Kruskal–

Wallis’s test or ANOVA was used to compare numerical variables

among three groups (NFAI, MACS, and controls). In these cases,

Bonferroni or Tukey post-hoc tests were used to identify significant

differences between pairs of groups, accordingly. The chi-square test

or Fisher’s exact test was applied to compare categorical variables.

Correlations between numerical variables were analyzed using the

Spearman test. Binary logistic regression was used to explore the

influence of each independent variable (AI, age, BMI, and WC] on

AUC > 290 mg h/dL and (AI, age, BMI, and WHR] on the relevance

of OGTT to correctly classify glycemic alterations. A p-value < 0.05

was considered statistically significant.
Results

Demography, clinical, and laboratorial
characteristics in patients with NFAI, MACS,
and controls

There were no significant differences among the three groups

regarding age, gender, ethnicity, and menopause. Patients with

NFAI had a higher BMI and WC than controls. The BMI and

WC were similar between NFAI and MACS groups. Patient’s

clinical and anthropometric characteristics, and laboratory data

are described in Table 1.

AUC was higher in the MACS and NFAI groups compared to

the control group (310.6 vs. 287.6 vs. 239.5 mg h/dL, respectively;

p=0.002) (Figure 2). An AUC greater than 290 mg h/dL was

observed in 75% of patients in the MACS group and in 55% in
Frontiers in Clinical Diabetes and Healthcare 04
the NFAI group, without a statistically significant difference

between groups. In the control group, the percentage of patients

with an AUC greater than 290 mg h/dL was 22%, lower than both

groups (p=0.008). Plasma glucose level ≥155 mg/dL at 1 hour

during the OTGG were observed in 75% of patients with MACS,

65% of NFAI, and 28% of controls (p=0.01).

The frequency of dysglycemia (pre-DM and DM) was higher in

the MACS and NFAI groups compared to the control group (91.1

vs. 90.8 vs. 73.2%, respectively; p=0.01). The number of patients

with a prior diagnosis of DM was 24 (42.9%) in the control group,

31 (47.7%) in the NFAI group, and 19 (42.2%) in the MACS group,

a finding that was not statistically significant between the groups.

The distribution of normoglycemia, pre-DM, and DM was as

follows: controls: 26,8%, 25%, and 48,2%; NFAI: 9,2%, 40%, and

50,8%; MACS: 8,9%, 40%, and 51,1%, respectively.

The OGTT was performed in 26 individuals in the MACS

group, 34 in the NFAI group and 32 in the control group. It was able

to change the dysglycemia classification in 27% of patients with

MACS and 23% with NFAI, while in the control group, it changed

only in 3% (p=0.03).

The Figure 3 shows in detail the glycemic alterations found in

individuals without a previous diagnosis of DM, comparing

controls and AI patients.

DM was uncontrolled in half of the patients with AI, while in

the control group, 63.6% of individuals had satisfactory control,

although this difference was not statistically significant.

We found positive correlations between AUC and: cortisol

levels after 1mg-DST (r=0.39; p=0.02), age (r=0.43; p=0.001),

BMI (r=0.37; p=0.006), WC (r=0.43; p=0.001), and WHR (r=0.45;

p=0.001) (Figure 4).

The ROC curve analysis showed that the cortisol level on 1mg-

DST was not a good predictor of presence of dysglycemia in patients

with IA (AUC < 0.7).
Multivariate analysis

Binary logistic regression analysis was performed to identify

independent variables associated with the AUC greater than 290 mg

h/dL. The model showed that the presence of AI was a determinant

factor, whereas age, BMI and WC were not. The presence of AI

increased the odds ratio for a subject to have an AUC > 290 mg h/dL

by 5.9 times (Table 2).

Binary logistic regression analysis was also performed to

identify independent variables associated with the relevance of

OGTT to correctly classify glycemic alterations. The model

showed that the presence of AI increased the odds ratio for a

subject to be benefit from OGTT for more accurate dysglycemia

classification by 9.5 times (Table 3).
Discussion

Patients with MACS have a higher incidence of central obesity,

IGT, MS, and DM (5–7). Recent studies have also shown an
frontiersin.org
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increase in these conditions in patients with NFAI (8). Robust data

indicate that patients with overt hypercortisolism develop glycemic

changes primarily through mechanisms that induce glucose

intolerance; therefore, OGTT is considered crucial in this

population (10, 11). Our results showed that dysglycemia

frequency was higher in MACS and NFAI than controls and the

use of OGTT was determinant for a correct classification of

glycemic status.

Although only the 2-hour glucose measurement in OGTT is

considered a diagnostic criterion for IGT and DM according to the

2025 ADA recommendations, other parameters in OGTT seem to

be highly relevant (15, 20). The glucose AUC is an index of the
Frontiers in Clinical Diabetes and Healthcare 05
overall glucose excursion during the test and may provide more

information than a single plasma glucose measurement (16). Here,

we clearly demonstrated that the glucose AUC during OGTT was

higher in the MACS and NFAI groups compared to controls. A

previous study in patients with AI and serum cortisol level < 138

nmol/L (< 5.0 mg/dL), using the 1mg-DST, demonstrated an

increased AUC only in patients older than 45 years and with a

BMI greater than 30 kg/m2 compared to age- and BMI-matched

controls (21).

In the general population, glucose AUC values in OGTT greater

than 290 mg h/dL have high sensitivity and specificity for detecting

cases of IGT and DM (16). Interestingly, in our study, the presence
TABLE 1 Clinical, anthropometric, and laboratory data of the study groups.

Control group
Adrenal incidentaloma

Controls (n = 56) p value*
NFAI (n = 65) MACS (n =45)

Age (years) 57.3 ± 10.0 60.9 ± 10.3 60.3 ± 12.9 0.2

Gender (% women) 80.0 84.4 71.4 0.3

Race (% White) 52.5 61.4 65.5 0.2

Smoking (%) 24.2 20.5 12.7 0.3

Menopause (%) 80.0 88.9 80.0 0.5

Hypertension (%) 78.1 86.7‡ 66.1‡ 0.04

Dyslipidaemia (%) 89.2 † 80.0 73.2 † 0.07

Previous T2DM (%) 47.7 42.2 42.9 0.4

BMI (kg/m2) 32.0 ± 5.2 † 31.0 ± 5.8 29.0± 6.5 † 0.02

WC (cm) 104.4 ± 10.8 † 100.4 ± 12.2 97.3± 15.3 † 0.01

WHR 0.96 ± 0.1 † 0.93 ± 0.1 0.93 ± 0.1 † 0.02

Dysglycemia (%) 90.8 † 91.1 ‡ 73.2 †‡ 0.01

Fasting Glucose (mg/dL) 108.0 (71.0 – 327.0) 106.0 (82.5 – 315.5) 104.0 (74.5 – 185.0) 0.2

HbA1c (%) 6.1 (5.0 – 11.1) 6.1 (5.0 – 12.3) 6.1 (4.9 – 9.0) 0.8

AUC OGTT 75g (mg h/dL) 287.6 ± 56.6 † 310.6 ± 58.8 ‡ 239.5 ± 58.7 †‡ 0.002

AUC > 290 mg h/dL (%) 55.0 † 75.0 ‡ 22.2 †‡ 0.008

Glucose ≥ 155 mg/dL 1h OGTT 75g (%) 65 † 75 ‡ 27.8 †‡ 0.012

OGTT 75 changed dysglycemia classification
(%)

23 † 27 ‡ 3 †‡ 0.03

MS (IDF criteria) (%) 90.5 † 91.1 ‡ 64.3 †‡ < 0.001

DHEAS (ng/dL) 65.4 (10.0 – 188.0) 47.0 (5.0 – 2076.0) - 0.7

1 mg DST (mmol/L) 1.1 (0.6 – 1.8) 2.7 (1.9 – 12.7) - <0.001

ACTH (pmol/L) 17.4 ± 11.2 13.6 ± 8.8 - 0.1

Tumor Size (cm) 1.9 ± 0.8 2.7 ± 1.0 - <0.001
Normally distributed data were presented using the mean (± SD) and non-normally distributed data were presented using the median (minimum and maximum).
p-value*: Kruskal–Wallis test or ANOVA among the three groups (controls, NFAI and MACS); Bonferroni or Tukey post-hoc tests were used to identify which of the pairs of groups differ from
each other, accordingly. †Controls vs. NFAI; ‡ Controls vs. MACS. There were no differences between NFAI and ACS regarding the variable studied.
NFAI, non-functioning adrenal incidentaloma;MACS, mild autonomous cortisol secretion; T2DM, type 2 diabetes mellitus; BMI, body mass index;WC, waist circumference;WHR, waist-to-hip
ratio; HbA1C g,lycated hemoglobin; AUC OGTT 75g, estimated glucose area under the curve calculated using oral glucose tolerance test with 75g of dextrose data; OGTT 75g, oral glucose
tolerance test with 75g of dextrose; MS, metabolic syndrome; DHEAS, dehydroepiandrosterone sulphate; 1-mg DST, suppression test with 1 mg dexamethasone; ACTH, adrenocorticotrophic
hormone.
The number in bold corresponds to values with statistical significance.
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of AI was a determinant factor for AUC values >290 mg h/dL,

regardless of age, BMI, or WC, with 75% of patients with MACS,

55% of NFAI, and only in 22% of controls reaching these values.

Another OGTT parameter that has been extensively studied in

the general population is the 1-hour plasma glucose measurement,

which was recently incorporated by the IDF as a diagnostic criterion

for intermediate hyperglycemia and DM (17). Glucose values at this

time point have already been identified as a good predictor of

incident DM, and plasma glucose values greater than 155 mg/dL at

1-hour during OGTT have been associated with an adverse

cardiovascular risk profile, including higher BMI, abdominal

obesity, carotid atherosclerosis, and fatty liver (22). The IDF now

proposes that values at or above this cutoff point are diagnostic for

intermediate hyperglycemia (17). Terzolo et al. found higher plasma

glucose values at 1-hour during OGTT in patients with AI

compared to controls (23). In our results, both the MACS and

NFAI groups had a higher percentage of patients with plasma

glucose levels greater than or equal to 155 mg/dL at the 1 hour

during OGTT compared to controls. To the best of our knowledge,
FIGURE 3

Glycemic alterations found in those individuals who do not have a previous diagnosis of diabetes. FG, only altered fasting glucose; OGTT, only
impaired glucose tolerance; HbA1c, only altered glycated hemoglobin; FG+OGTT, fasting glucose altered and impaired glucose tolerance; FG
+HbA1c, altered fasting glucose and altered glycated hemoglobin; OGTT+HbA1c, impaired glucose tolerance and altered glycated hemoglobin; FG
+OGTT+HbA1c, altered fasting glucose, impaired glucose tolerance, and altered glycated hemoglobin, AI, adrenal incidentaloma.
FIGURE 2

Area under the curve was higher in the MACS and NFAI groups
when compared to control group (310.6 vs. 287.6 vs. 239.5 mg h/dL,
respectively; p=0.002). NFAI, non-functioning adrenal
incidentaloma; MACS, mild autonomous cortisol secretion.
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this is the first study to evaluate the 155 mg/dL cutoff for 1-hour

plasma glucose in a population of patients with MACS and NFAI.

Cardiovascular disease is the leading cause of death worldwide,

so the ability to identify patients at higher risk of future

cardiovascular events is crucial (24). Several studies have found a

higher frequency of cardiovascular risk factors in both MACS and
Frontiers in Clinical Diabetes and Healthcare 07
NFAI (9, 25). Morelli et al. also showed a higher prevalence of

cardiovascular events in MACS, and Di Dalmazi et al. even

demonstrated increased cardiovascular mortality in these patients

(6, 26). Although many questions remain about the prevalence of

cardiovascular disease and mortality in NFAI, it is increasingly clear

that these are not innocuous conditions (6, 7). Calavari et al. have
FIGURE 4

Scatter plots with regression lines between area under the curve and age, body mass index (BMI), waist circumference, waist-to-hip ratio, and
cortisol after 1mg-dexamethsasone suppression test. BMI, body mass index; 1-mg DST suppression test with 1 mg dexamethasone.
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already described a higher frequency of cardiovascular risk factors,

such as pre-DM, dyslipidaemia, hypertension, and higher WC and

MS frequency, in NFAI (8).

As described above, our study demonstrated a higher frequency

of another parameter associated with a worse cardiovascular profile

in patients with AI compared to the control group. Furthermore, we

showed that the frequency of patients with plasma glucose levels

greater than or equal to 155 mg/dL at the 1-hour during the OGTT

was similar between the MACS and NFAI groups, suggesting that

NFAI may be as harmful as MACS in terms of cardiovascular

disease. This finding aligns with the results of the study by Rebelo

et al., which showed that both NFAI and MACS presented higher

frequencies of cardiometabolic morbidities compared to controls,

with no significant difference between them (27). To further

elucidate this hypothesis, longitudinal studies are needed.

Additionally, the frequency of dysglycemia was similar between

in MACS and NFAI groups but significantly higher than controls.

In the literature, some studies have shown a higher frequency of

DM in patients with MACS compared to patients with NFAI, such

as the studies by Di Dalmazi et al. and Morelli et al. (6, 26).

However, the study by Terzolo et al. found no difference in the

frequency of dyglycemia between MACS and NFAI, similar to our

findings (28). Several studies have shown a higher frequency of DM

in patients with NFAI compared to the general population. In the

Athanasouli et al. meta-analysis, patients with NFAI had a twofold

higher risk of having DM than controls (29). These findings suggest

that glucose alterations should be monitored not only in patients

with MACS but also in patients with NFAI.
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The frequency of dysglycemia found in our study (greater than

90%) is higher than that reported in previous studies (9, 30). We

hypothesize that this may be due to two reasons: 1) patient

population - our hospital is a quaternary care hospital, serving

patients with high morbidity. As a result, the frequency of

dysglycemia found in the control group was also higher than that

observed in the general population with similar age and living in

geographically close urban areas of Rio de Janeiro with similar

socioeconomic and environmental factors. 2) Diagnostic criteria -

our study used all three tests recommended by the ADA for pre-DM

and DM screening, which may have increased the diagnostic

accuracy. Indeed, a study by Krzyzewska et al., which also used

the three tests, showed normoglycemia in less than 30% of patients

with NFAI (31).

As DM is a major cardiovascular risk factor, its accurate

detection is critical for early diagnosis and treatment to prevent

cardiovascular disease. Additionally, the presence of DM was a

relevant predictor of hypothalamic-pituitary-adrenal axis recovery

in patients with non-aldosterone-producing adrenocortical

adenoma undergoing surgery, highlighting the importance of

appropriate screening in this population (15, 32).

The OGTT was crucial for correctly classifying glycemic

alterations in approximately 25% of AI patients, whereas in the

control group, we observed a benefit in only 3%. In other words,

patients with AI were 9.5 times more likely to have their

dysglycemia classification changed by OGTT compared to the

general population, regardless of age, BMI, and WHR. It is also

important to emphasize that OGTT was decisive even for patients

with normal FG and HbA1c. The OGTT is recognized as a more

sensitive test for detecting glycemic alterations than FG and HbA1c

alone, enabling the detection of pre-DM and DM in individuals who

would otherwise be misclassified as normoglycemic (15). It is

known that OGTT identifies a largest number of previously

undiagnosed DM patients with established coronary artery

disease (33). Our study demonstrated the importance of OGTT in

classifying dysglycemia in a population of patients with AI,

changing the classification in 27% of patients with MACS and

23% of patients with NFAI, compared to only 3% of the control

group. This reinforces the clinical utility of OGTT to avoid

underdiagnosis. It is important to emphasize that studies

demonstrating the importance of OGTT in patients with AI are

still lacking (10, 11). To the best of our knowledge, this is the first

study that objectively demonstrates the importance of OGTT in the

dysglycemia classification in a population of patients with AI.

Very recently, the IDF proposed shortening the OGTT from 2

to 1 hour, claiming that this would not reduce the informativeness

of the test but would offer advantages (17). The suggested diagnostic

values for plasma glucose levels at 1-hour greater than or equal to

155 mg/dL for pre-DM and greater than or equal to 209 mg/dL for

DM are already being used by the Brazilian Diabetes Society, as

these cutoff points result in earlier detection of DM and pre-DM

(34). In fact, using these criteria in our study population, 16.7% of

patients with AI would change their glycemic status classification,

while 11.1% of individuals in the control group would have their

classification changed (p=0.7).
TABLE 2 Binary logistic regression analysis to predict AUC greater than
290 mg h/dL.

Variables OR b P-value

AI 5.92 1.78 0.03

Age 1.05 0.05 0.08

BMI 0.94 0.06 0.66

WC 1.05 0.05 0.31
p-value: significance level < 0.05.
AUC, area under the curve; AI, adrenal incidentaloma; BMI, body mass index; WC, waist
circumference; OR, odds ratio; B, regression coefficient.
The number in bold corresponds to values with statistical significance.
TABLE 3 Binary logistic regression analysis to predict the relevance of
OGTT to correctly classify glycemic alterations.

Variables OR b P-value

AI 9.51 2.25 0.03

Age 1.01 0.06 0.83

BMI 1.04 0.03 0.57

WHR 12.27 2.66 0.55
p-value: significance level < 0.05.
OGTT, oral glucose tolerance test; AI, adrenal incidentaloma; BMI, body mass index; WHR,
waist hip ratio; OR, odds ratio; B, regression coeficient.
The number in bold corresponds to values with statistical significance.
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A cortisol level cutoff on the 1mg-DST as a predictor of

dysglycemia could not be defined using ROC curve analysis, as

the area under the curve was not appropriate. This finding may be

due to a small sample size or the fact that a cortisol level cutoff to

dichotomize this variable may not be adequate to predict

dysglycemia. Thus, in light of these results and several published

studies, cortisol levels on the 1mg-DST should be interpreted as a

continuous rather than a categorical variable (1, 35). In fact, both

patients with MACS and NFAI exhibited similar glycemic

alterations in the current study. Furthermore, it is hypothesized

that patients with NFAI may have a minimally increased secretion

of intermediates of the gluco- and/or mineralocorticoid pathway,

undetected by current clinical methods, but sufficient to cause

metabolic alterations (1, 35). Another hypothesis is an alteration

in the circadian rhythm of cortisol secretion, which may contribute

to the worsening of metabolic disorders, without evident laboratory

alterations (36). Once again, this finding supports the notion that

NFAI are not harmless lesions, as previously thought (6, 7). The

classification of adrenal incidentalomas as “non-functional” may

indeed be an inadequate and misleading term, as it minimizes this

potential continuum of hormone secretion which translates

clinically in a continuum of glucose impairment (37). Although

these tumors do not meet the diagnostic criteria for overt

hypercortisolism or Cushing’s syndrome, recent studies suggest

that they may secrete inappropriate amounts of glucocorticoid

that are not detected by our current clinical practice and

nevertheless contribute to adverse outcomes (38). Despite

presenting fewer glycemic alterations than Cushing’s syndrome

and MACS, in fact, they present more glycemic alterations when

compared to a control group (without adrenal tumor) (37, 38).

Our findings, in conjunction with the literature, underscore the

importance of recognizing AI as independent risk factors for the

development of DM and other glycemic alterations. This suggests the

need for more frequent surveillance for glucose intolerance in these

patients. In the future, studies that include broad adrenal steroid

metabolite profiling will be essential to investigate whether NFAIs

secrete hormonal amounts that, while discrete, are sufficient to

impact glucose metabolism and contribute to cardiometabolic risk.

Although recent evidence suggests a specific effect of cortisone

on each sex, with an earlier onset of glycemic alterations in women,

our small sample did not allow us to perform a separate analysis

between the sexes with due statistical power (39–41).

Some other limitations of our study should be considered. It is

important to emphasize that the control group was selected from a

quaternary hospital serving as the state reference for rare, severe,

complex and/or advanced-stage diseases. This fact justifies the high

frequency of cardiometabolic morbidities in this group, as

mentioned earlier. However, the presence of a significantly higher

frequency of dysglycemia in patients with AI, even when compared

to a control group with a high burden of comorbidities, suggests

that our findings are robust. The small sample size of the control

group was primarily due to the exclusion criteria. Furthermore, the

limited sample size per group may have reduced statistical power,

which might explain the absence of differences between MACS and
Frontiers in Clinical Diabetes and Healthcare 09
NFAI and the wide confidence intervals observed in the regression

analyses. Finally, the lack of cortisol measurements in the control

group is also a limitation that should be considered. In fact, we were

not authorized by the Institutional Review Board to administer the

1mg-DST to the control group. It is important to note that the AUC

was one of the parameters used to assess the glycemic profile,

although it has low clinical reproducibility (16). The cross-sectional

design limits the evaluation of confounding variables such as

lifestyle factors (diet and physical activity), but the use of

medications, including antihypertensives and lipid-lowering

agents, was systematically documented for all participants and the

frequency of these medications was found to be similar in the

groups. Ultimately, this study design also limited the ability to draw

cause-effect inferences from the observed findings, so longitudinal

studies are needed to validate our hypotheses.

In conclusion, our findings demonstrate that patients with AI

have a high frequency of dysglycemia, and OGTT significantly

enhances the classification of these alterations in a considerable

number of patients. Based on our results, we suggest that screening

for glycemic alterations be performed in both patients with MACS

and NFAI. In this scenario, OGTT should be highlighted as an

essential test to ensure an adequate evaluation, even for patients

with normal FG and HbA1c. This practice can optimize

opportunities for early detection and prevention. Although

follow-up studies are needed, it would be possible to infer that a

glycemic alteration screening strategy in patients with AI that

routinely includes OGTT could, in the future, reduce the rate of

DM complications in these patients.
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