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Abstract
Most data on the natural history of nonfunctioning adrenal incidentalomas (NFAI) are
provided by follow-ups up to 5 years. We conducted a 10.5 (9.1–11.9)-year prospective
follow-up study of NFAI in 67 participants (20 (29.9%) males, 47 (70.1%) females) of mean
age 57.9 (52.3–63.9) years and BMI 27.42 (24.07–30.56) kg/m2). We also evaluated the
associations between baseline BMI and changes of NFAIs’ characteristics at follow-up.
Progression to mild autonomous cortisol excess (MACE) was observed in 15 (22 %)
patients, with 14 of them having post overnight dexamethasone suppression test (ODST)
cortisol between 50 and138 nmol/L and only one > 138 nmol/L. The progression rate was
significantly higher in overweight and obese than in normal-weight subjects. Patients that
developed MACE had a significantly higher baseline mean cortisol after 1 mg ODST. Tumor
enlargement ≥10 mm occurred in 8.9% of patients. In comparison with reports of shorter
observational periods, we observed a higher growth rate ≥ 10 mm and higher progression
rate from NFAI to MACE, particularly in overweight and obese subjects. All tumors had
persistent radiological characteristics typical for adrenal adenoma. We concluded that
the duration of the follow-up period is an important factor in characterizing the natural
history of NFAI. Higher baseline BMI and higher baseline cortisol after ODST might predict
the long-term likelihood of progression in hormonal activity. The magnitudes of observed
progressions in growth or hormonal activity were clinically insignificant. Our long-term
follow-up, therefore, clearly supports the general view that a long-term monitoring of
patients with NFAI is not necessary.
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Introduction
Adrenal masses are mainly detected unexpectedly by
an imaging study performed for reasons unrelated to
any suspect of adrenal disease (1). Defined as adrenal
incidentaloma (AI), such masses are found in about 5%
of the population with an age-dependent increase in
incidence (2). Most AI are benign nonfunctioning adrenal
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incidentalomas (NFAI)s (3) that do not require surgery
at the time of presentation (1). However, an increase in
cardiometabolic risk during follow-up (4, 5), increases in
NFAIs’ size and development of mild autonomous cortisol
excess (MACE) over time have also been reported for this
clinical entity (6, 7, 8, 9).
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Currently, adequate long-term follow-up strategies
of NFAIs after the initial assessment remain debatable. In
contrast to previous guidelines from the National Institutes
of Health and the American Association of Clinical
Endocrinologists (10, 11), more recent European guidelines
discourage repeated imaging and hormonal re-assessment
(1). The largest retrospective cohort study including 1149
patients with the longest median follow-up duration
of 4 year concluded that NFAIs with a size < 4 cm do not
need to be followed-up with repeated CT measurements,
as most remain stable in size for a long time (8). They
also confirmed that NFAIs rarely evolve to become overt
hormone-secreting tumors (8). Nevertheless, they advise
an increased attention to the development of autonomous
cortisol secretion and cardiometabolic comorbidities(8).
Similarly, a 5-year prospective follow-up study in 56
patients indicated no clinically relevant tumor growth or
a new subclinical hypercortisolism (12).
The role of obesity and insulin resistance in the
development and natural history of NFAIs is unclear (13).
Anabolic and mitogenic effects of insulin on the adrenal
cortex support the potential existence of the bilateral
relationship between obesity and AIs in preclinical
models (13). However, it remains largely unaddressed
whether patients with obesity more likely develop NFAIs
and whether the radiological, hormonal changes of AI
and development of cardiometabolic comorbidities are
associated with baseline BMI (14, 15).
Based on these considerations, we aimed to determine
the proportions of NFAI that increase in size and change
their hormone production during long-term follow-up.
We also assessed the prevalence of cardiometabolic
comorbidities, osteoporosis and additional radiological
findings during the observational period. We evaluated
the potential associations between baseline BMI and
radiological and hormonal changes of NFAI. We conducted
a study with one of the longest mean follow-up periods
and the first study that assessed the potential associations
between baseline BMI and parameters determining the
long-term natural history of NFAIs.

Materials and methods
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overnight dexamethasone suppression test (ODST)
was < 50 nmol/L, no typical clinical signs of Cushing’s
syndrome were present and pheochromocytoma and
primary aldosteronism were excluded (1). Radiologically,
all included NFAIs had features of lipid-rich, benign adrenal
adenoma defined by low unenhanced CT Hounsfield units
(HU) of ≤10 (16, 17). Exclusion criteria were suspected
metastasis, adrenal carcinoma, myelolipoma, adrenal
hyperplasia, and patients on treatment with drugs
that significantly interfere with measured variables,
including oral hormonal contraceptives, glucocorticoids,
mineralocorticoid antagonists and potassium-wasting
diuretics or CYP3A4 inducers. In addition, we excluded
all patients with symptomatic cholecystolithiasis,
nephrolithiasis and pancreatitis. Subjects with hereditary
syndromes associated with adrenal tumors were
also excluded.
The study was registered at ClinicalTrails.gov, study
identifier NCT04616703. It was conducted in accordance
with the Declaration of Helsinki, approved by the National
Ethical Committee with the reference number 0120134/2019. Consent has been obtained from each patient or
subject after a full explanation of the purpose and nature of
all procedures used.
Study cohort
Patients who had been diagnosed with NFAI at the
University Medical Centre Ljubljana between January
2007 and January 2011 were invited for a follow-up visit.
The medical records of all invited patients were reviewed
by the authors to confirm the diagnosis of NFAI at baseline.
The flowchart depicting the selection process of the 67
included patients with NFAI (20 (29.9%) males, 47 (70.1%)
females) of median age at the time of initial diagnosis
57.9 (52.3–63.9) years) is presented in Fig. 1. Twenty
patients had BMI < 25 kg/m2, 21 BMI 25–30 kg/m2 and 26
had BMI > 30 kg/m2 at the initial presentation. Fourteen
patients had bilateral NFAI and 53 had unilateral NFAI.
Mean follow-up was 10.5 (9.1–11.9) years. All follow-up
visits were performed at the University Medical Centre
Ljubljana from July 2019 to February 2020.
Study protocol

Study design
We included 67 patients who had been hospitalized due
to AI at the University Medical Centre Ljubljana from
January 2007 to January 2011 and were characterized
as NFAI. NFAI was confirmed when cortisol after 1 mg
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The following data were collected from the hospital
documentation system as baseline characteristics at the
time of diagnosis: patient gender, age at diagnosis, weight,
height, size of NFAI, site of NFAI (left, right, or bilateral),
blood pressure, heart rate, cortisol after 1 mg ODST,
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Invited patients evaluated for AI
between 2007-2010
N = 103
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Excluded:
• did not want a follow-up (N = 15)
• did not attend follow-up appointment (N = 5)
• after adrenalectomy (N = 2)
• misdiagnosis / missing main information in hospitalization
record (N = 3)
• deceased (N=11)

Included N = 67
Baseline BMI < 25 kg/m2 (N = 20)
Baseline BMI 25-30 kg/m2 (N = 21)
Baseline BMI > 30 kg/m2 (N = 26)

Figure 1
Flowchart of selection proccess. AI, adrenal
incidentaloma; N, number of patients.

fasting glucose, lipids (cholesterol, HDL, LDL, TAG).
Data regarding the presence of comorbidities including
hypertension, diabetes mellitus, osteoporosis, and
hyperlipidemia at the time of diagnosis were collected from
the hospital documentation system as binary variables
(present, not present).
At the follow-up visit, we measured the patient’s
weight, blood pressure, heart rate, waist circumference
and hip circumference. The blood was withdrawn for the
measurement of fasting insulin, fasting glucose, lipids
(cholesterol, HDL, LDL, TAG), and for cortisol after 1 mg
ODST the next morning. MACE was diagnosed when
cortisol after ODST was ≥ 50 nmol/L (1). We performed CT
scans to measure the size and growth rate of NFAI. Data
on the presence of comorbidities including hypertension,
diabetes mellitus, and hyperlipidemia at follow-up
were collected in person, by checking the medical
documentation and taking a history of comorbidities as
binary variables (present, not present). In addition, at
follow-up visit, we verified the accuracy of the data about
the presence of comorbidities at baseline, collected from
the hospital documentation system. All baseline data
from the hospital documentation system matched with
the data collected from patients in person at the follow-up
visits. We did not collect data on disease severity, control
and drug therapy at the baseline or the follow-up visit.
Hypertension, diabetes mellitus and hyperlipidemia were
diagnosed by primary care physicians or other specialists of
internal medicine following the international guidelines.
Osteoporosis was diagnosed at our center (18).
Methods
Anthropometric measurements were performed by trained
nurses in the morning. BMI was calculated as the weight in
kilograms divided by square of height in meters. Cortisol
was determined using IMMULITE® 2000 Cortisol assay.
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Intra-assay variations were ≤ 15% and inter-assay variations
were ≤ 20% for the applied methods. Fasting glucose levels
were determined using the standard glucose oxidase
method (Beckman Coulter Glucose Analyzer, Beckman
Coulter Inc., CA, USA). Lipids were determined using Advia
1800, Siemen’s analyzer. Intra-assay variations ranged from
1.6 to 6.3%, and inter-assay variations ranged from 5.8 to
9.6% for the applied methods. Insulin was determined in
heparinized plasma using a two-side chemiluminescent
immunometric assay (Diagnostic Products Corp., Los
Angeles, CA). The Homeostatic Model Assessment
of Insulin Resistance (HOMAIR) score was calculated
according to the following formula: fasting serum insulin
(μU/mL) × fasting plasma glucose (mmol/L)/22.5, patients
treated with insulin were excluded. All patients underwent
a thin slice CT scan (Siemens) according to the established
adrenal protocol. Radiological evaluation included the
largest transverse diameter of the lesion, laterality, native
Hounsfield units (HU), absolute and relative percentage
washout, and pathological changes on adjacent organs.
Statistical analysis
The results for continuous variables are presented as
median and interquartile range and the results for
categorical variables are presented as frequencies.
Wilcoxon signed-rank test and McNemar test were used for
the comparison of continuous and categorical variables for
related samples, respectively. To compare the distribution
of continuous variables between different groups, the
nonparametric Mann–Whitney test or Kruskal–Wallis test
was used. Pairwise comparisons with post hoc Bonferroni
corrections were also used with Kruskal–Wallis test.
Spearman´s rho was used to assess the correlation between
continuous variables, while Fisher’s exact test was used
to assess the association between categorical variables.
P values below 0.05 were considered statistically significant.
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Statistical analysis was performed using IBM SPSS Statistics,
version 21.0 (IBM Corporation).

Results
Cohort characteristics at the baseline
Baseline characteristics are presented in Table 1.

The comparison of selected characteristics of
patients at the baseline and follow-up
After 10.5 (9.1–11.9) years of follow-up, cortisol after 1
mg ODST significantly increased, diastolic blood pressure
decreased, fasting glucose significantly increased and HDL
significantly increased, as outlined in Table 1.
At follow-up, we also observed significant increase
in the prevalence of diabetes mellitus (0.03% at baseline
vs 17.9% at follow-up, P = 0.002), osteoporosis (17.9% at
baseline vs 26.9% at follow-up, P = 0.031) and hypertension
(52.2% at baseline vs 64.2% at follow-up, P = 0.021).
As stratified by baseline BMI, a group with baseline
BMI < 25 kg/m2 had higher cortisol after 1 mg ODST
(P = 0.014), higher body mass (P = 0.027), higher BMI
(P = 0.024), higher fasting glucose (P = 0.004) and higher
HDL (P = 0.021) after 10.5 (9.1–11.9) years when compared
to baseline characteristics. Group with BMI 25–30 kg/m2
had higher follow-up cortisol after 1 mg ODST (P = 0.002)
and higher LDL (P = 0.041). Group with BMI > 30 kg/m2
had higher follow-up cortisol after 1 mg ODST (P = 0.001),
Table 1
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higher diastolic blood pressure (P = 0.009) and higher HDL
(P = 0.002) when compared to baseline characteristics.
The comparison of follow-up characteristics, when
the groups were stratified by BMI at follow-up period, is
presented in Table 2. The groups differed in body mass, BMI,
triglycerides, waist circumference, insulin and HOMAIR.
Altogether, four patients were re-categorized from
initial group with baseline BMI < 25 kg/m2 to group with
BMI 25–30 kg/m2 at follow-up due to weight gain and one
patient was re-categorized from the initial group with
BMI > 30 kg/m2 to group with BMI 25–30 kg/m2 due to
weight loss. Others remained in the same category.
Progression from NFAI to MACE
As classified by inclusion criteria, all patients were
diagnosed with NFAI at the time of presentation. During
the follow-up period, 15 (22.4%) out of 67 patients with
NFAIs progressed to MACEs (P < 0.001), with 14 of them
having post ODST cortisol between 50 and138 nmol/L and
one having cortisol after ODST > 138 nmol/L (167 nmol/L).
One out of 20 (5%) progression was observed in patients
with baseline BMI < 25 kg/m2, the patient had bilateral
NFAI, in 7 out of 21 (33.3%) patients in a group with BMI
25–30 kg/m2, none of them had bilateral NFAI, and in 7
out of 26 (26.7%) patients in a group with BMI > 30 kg/m2,
3 of them had bilateral NFAI. The progression incidence
was significantly higher in overweight and obese patients
when compared to patients with baseline BMI < 25 kg/m2
(P = 0.016 in both groups with BMI > 25 kg/m2) (Fig. 2). No
patient developed overt Cushing’s syndrome.

Comparison of baseline and follow-up cohort characteristics.
Baseline
median (25–75%)

Size of right-sided tumor (mm)
Size of left-sided tumor (mm)
Cortisol after 1 mg ODST (nmol/L)
Body mass (kg)
BMI (kg/m2)
Systolic blood
pressure (mmHg)
Diastolic blood
pressure (mmHg)
Heart rate
Fasting glucose (mmol/L)
Total cholesterol (mmol/L)
HDL (mmol/L)
LDL (mmol/L)
Triglycerides (mmol/L)

25 (15–28) [6]
20 (14.5–28.5) [5]
28 (27.6–32.8)a
73.25 (65.98–87.53)
27.42 (24.07–30.56)
135 (121–150) [4]
78 (70–86) [4]
72.5 (67–88.25) [17]
5.3 (4.7–5.8) [2]
5.3 (4.725–5.875) [19]
1.4 (1.2–1.5) [19]
3.2 (2.75–3.95) [22]
1.4 (1.025–1.975) [19]

Follow-up
median (25–75%)

P

24.5 (14.75–30.25)
19 (15–26)
38.5 (30–48)a
76 (67–87.5)
27.45 (24.87–31.53)
140 (124–150.25) [1]

0.227
0.872
<0.001*
0.213
0.206
0.534

76 (68–81) [1]
72 (67–82.5) [1]
5.4 (5.1–6.1)
5 (4.375–5.9) [1]
1.4 (1.2–1.8) [1]
2.8 (2.2–3.6) [1]
1.3 (1–1.7) [1]

0.038*
0.095
0.006*
0.896
<0.001*
0.306
0.265

P-values were calculated using Wilcoxon signed-rank test.
*For 24 patients, data were provided as below 27.6; [missing data]; *Asterisks were used to indicate significant figures (probability).
HDL, high-density lipoprotein; LDL, low-density lipoprotein; ODST, 1 mg overnight dexamethasone suppression test.
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Patients characteristics at follow-up, stratified by BMI at follow-up.
Baseline BMI < 25 kg/m2
(group 1) n = 16 Median
(25–75%)

Size of right-sided
tumor (mm)
Size of left-sided
tumor (mm)
Cortisol after 1 mg ODST
(nmol/L)
Body mass (kg)

25 (14–35)

Baseline BMI 25–30 kg/m2
(group 2) n = 26 Median
(25–75%)

Baseline BMI >30 kg/m2
(group 3) n = 25 Median
(25–75%)

P

25 (19.75–30.75)

19 (13–30)

0.383

19 (15–27.25)

18 (15.75–26.25)

0.774

32 (28.5–38.5)

40 (34–51)

41 (27.8–51.5)

0.130

61.5 (56.25–69.5)

73.5 (67.75–84)

89 (79.08–99)

<0.001*
Pairwise comparisons: 1
vs 2: 0.016*
1 vs 3: <0.001*
2 vs 3: 0.001*
<0.001*
Pairwise comparisons: 1
vs 2: 0.001*
1 vs 3: <0.001*
2 vs 3: <0.001*
0.184

17.5 (12–27)

BMI (kg/m2)

23.58 (21.41–24.44)

27.09 (26.34–28.49)

32.25 (31.44–35.93)

Systolic blood
pressure (mmHg)
Diastolic blood
pressure (mmHg)
Heart rate
Fasting glucose (mmol/L)
Total cholesterol
(mmol/L)
HDL (mmol/L)
LDL (mmol/L)
Triglycerides (mmol/L)

129.5 (116.25–141)

137.5 (123.75–151)

143.5 (125.5–153) [1]

77 (70.25–80)

74.5 (66.75–83.5)

73 (64–89)
5.4 (4.93–6.25)
5 (4.23–5.75)

74 (69–83.25)
5.5 (5.05–6.33)
4.7 (4.1–6.1) [1]

70 (62–76)
5.4 (5.15–6.05)
5.3 (4.45–6.25)

0.276
0.704
0.706

1.4 (1.15–1.8) [1]
2.8 (2–3.5) [1]
1.4 (1–2.05) [1]

1.5 (1.25–1.75)
2.8 (2.5–4.05)
1.4 (1.1–1.85)

Waist circumference (cm)

88 (73–90.5) [3]

91 (88.5–96.75)

104 (99–110.5)

0.300
0.661
0.012*
Pairwise comparisons: 1
vs 2: 0.021*
1 vs 3: 0.026*
<0.001*
Pairwise comparisons: 1
vs 3: <0.001*
2 vs 3: <0.001*
0.034*
Pairwise comparisons: 1
vs 3: 0.033*
0.033*
Pairwise comparisons: 1
vs 3: 0.031*

1.6 (1.33–2)
2.9 (2.18–3.5)
1.05 (0.8–1.28)

Insulin

7.05 (4.2–11.35)

9.2 (4.63–17.5)

HOMAIR

1.7 (0.92–3.02)

2.26 (1.05–4.23)

76.5 (68–83)

0.987

14.15 (7–19.63)
3.46 (1.73–5.17)

P-values and pairwise comparisons with post hoc Bonferroni corrections were calculated using Kruskal–Wallis test.
*Asterisks were used to indicate significant figures (probability).
HDL, high-density lipoprotein; HOMAIR, homeostatic model assessment of insulin resistance; LDL, low-density lipoprotein; ODST, 1 mg overnight
dexamethasone suppression test.

Comparison of baseline and follow-up
characteristics of NFAI that progress to MACE and
NFAI that did not developed MACE
Patients with NFAI that developed MACE by the follow-up
visit, differed from patients without progression to MACE
in higher cortisol after 1 mg ODST at baseline (32.6
(28.7–42.5) nmol/L vs 28 (27.6–31.7) nmol/L; P = 0.015) and
at follow-up (64 (52–85) nmol/L vs 34.0 (27.6–40) nmol/L;
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P < 0.001), higher heart rate (84 (71.25–102.25) beats/min vs
70.5 (64.75–84.5) beats/min; P = 0.048) and higher fasting
glucose at baseline (5.7 (5.3–6.4) mmol/L vs 5.1 (4.6–5.6)
mmol/L; P = 0.006) and at follow-up (6 (5.3–6.9) mmol/L
compared to 5.4 (5.05–5.95) mmol/L; P = 0.036).
There were no statistical differences in prevalence
of hypertension, hyperlipidemia, diabetes mellitus
and osteoporosis between NFAI and MACE (P > 0.05) at
follow-up period.

This work is licensed under a Creative Commons
Attribution-NonCommercial 4.0 International License.
Downloaded from Bioscientifica.com at 01/18/2022 04:58:05PM
via free access

A Podbregar et al.

Natural history of adrenal
incidentalomas

10:6

642

Figure 2
Progression from NFAI to MACE stratified by BMI.
MACE, adenomas causing mild autonomous
cortisol excess; NFAI, benign nonfunctioning
adrenal incidentaloma.

Change in NFAIs size
Maximal mean tumor growth was 0 (−2 to 5) mm over
10.5 (9.1–11.9) years. Enlargement of NFAI was observed in
38 patients.
Tumor enlargement (≥ 10 mm) occurred in three
patients with left-sided and three patients with right-sided
NFAI, all together in six patients (8.9%). None of those six
patients had bilateral NFAI. At the follow-up, all tumors
still had radiological characteristics typical for adrenal
adenoma. None developed CT characteristics typical for
adrenal cancer.
We observed no significant correlation between
tumor growth and baseline size or BMI. Tumors that were
initially smaller (less than 25 mm) did not have greater
growth potential than larger ones (those larger than 25
mm). There was positive correlation between maximal
tumor diameter at follow-up and cortisol after 1 mg ODST
(ρ = 0.412, P = 0.002) at follow-up.
Other findings on CT at follow-up
We collected data about additional CT findings at the
follow-up CT scan. At the follow-up, 37.9% of patients had
additional CT changes in kidneys, 21.2% in gastrointestinal
tract, 18.2% in liver region, and 10.4% in pancreas, mostly
cysts. In the liver region, we observed cystic changes (n = 7
in BMI < 25 kg/m2, n = 5 in BMI 25–30 kg/m2 and n = 1 in
BMI < 30 kg/m2), steatosis (n = 1 in BMI < 25 kg/m2, n = 2
in BMI 25–30 kg/m2 and n = 2 in BMI < 30 kg/m2), some

https://ec.bioscientifica.com
https://doi.org/10.1530/EC-21-0196

© 2021 The authors
Published by Bioscientifica Ltd

patients underwent cholecystectomy (n = 2 in BMI < 25
kg/m2, n = 5 in BMI 25–30 kg/m2 and n = 1 in BMI < 30
kg/m2). In the kidney region, we observed cystic changes
(n = 4 in BMI < 25 kg/m2, n = 7 in BMI 25–30 kg/m2 and
n = 4 in BMI < 30 kg/m2) and kidney stones (n = 1 in BMI
25–30 kg/m2). In the gastrointestinal tract, we observed
diverticulitis (n = 4 in BMI < 25 kg/m2, n = 4 in BMI 25–30
kg/m2 and n = 3 in BMI < 30 kg/m2). In pancreas, we
observed cystic changes (n = 1 in BMI < 25 kg/m2, n = 1 in
BMI < 30 kg/m2) and atrophy (n = 3 in BMI 25–30 kg/m2).
Panniculitis was observed in one patient with BMI
< 25 kg/m2 and one with BMI 25–30 kg/m2. Prostate
enlargement was observed in males (n = 1 in BMI < 25
kg/m2, n = 5 in BMI 25–30 kg/m2 and n = 1 in BMI < 30
kg/m2), while a myoma of the uterus (n = 1 in BMI
25–30 kg/m2) and cysts of the ovaries (n = 1 in BMI > 30
kg/m2) were found in females. We observed atherosclerotic
changes and dilatation of aorta (n = 1 in BMI < 25 kg/m2,
n = 3 in BMI 25–30 kg/m2 and n = 2 in BMI < 30 kg/m2). In
BMI group 25–30 kg/m2, we observed one patient with
lung nodules, one with Bochdalek’s hernia and one with
fracture of eleventh thoracic vertebra. In one patient with
BMI > 30 kg/m2, hiatal hernia was observed.
Notably, in three patients with BMI > 30 kg/m2
referrals to further diagnostic procedures were needed to
rule out malignant disease. In one patient, enlarged lymph
nodes were observed, in one possible metastatic
changes in s.c. tissue and in one possible metastatic
renal carcinoma.
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Discussion
The majority of NFAI did not change in size and hormonal
production during the 10.5-(9.1–11.9)year follow-up
period. Progression from NFAI to MACE was observed in 15
(22%) patients, with 14 of them having post ODST cortisol
between 50 and138 nmol/L and one having post ODST
cortisol > 138 nmol/L. Four patients that progressed to
MACE had bilaterally NFAI, one with BMI < 25 kg/m2 and
three with BMI > 30 kg/m2. The progression rate to MACE
was significantly higher in overweight and obese patients
as compared to the group with normal weight at the time of
presentation. Enlargement of NFAI was observed in 56.7%
of patients while clinically significant tumor enlargement
≥10 mm occurred in six patients. All tumors had
persistent radiological characteristics that were typical for
adrenal adenoma.
As opposed to our results, a recent systemic review
and meta analysis (2) reported that only 4.3% (CI,
3.4% to 5.3%) of patients with NFAI developed MACE
during a mean follow-up of 50.3 months. We observed a
significantly higher progression rate of 22% during 126.1
(108.9–142.3) months implying that the duration of
follow-up is an important factor in the characterization of
the natural history of NFAI. Importantly, the progression
rate in overweight and obese patients was significantly
higher than in normal-weight subjects.
The potential primary role of obesity and insulin
resistance in the development of MACE in pre-existent
NFAIs needs to be elucidated. Translational studies
evaluating the molecular phenotype of AI related to
insulin, IGF1 and MAPK signaling pathways might
provide further insights into the bidirectional relationship
between obesity and NFAIs (13). Moreover, interventional
studies with insulin sensitizers and anti-obesity modalities
in overweight/obese patients with NFAI should address
the potential impact on the natural history of NFAI.
Consistent with previous reports of shorter follow-up (19,
20), no patients from our cohort developed overt Cushing
syndrome even after 10-year-mean follow-up.
The mean cortisol after 1 mg ODST in patients with
NFAI that developed MACE was > 30 as compared to < 30
nmol/L in those that remained classified as NFAI at 10-year
follow-up period. The baseline post ODST cortisol > 30
nmol/L should, therefore, be further assessed as a potential
predictor of activity progression over long-term follow-up.
The same range of post ODST cortisol between 30 and 50
nmol/L has been previously related to higher prevalence
of diabetes mellitus (5) and the authors challenged the
accepted cut-off criteria of > 50 nmol/L used to currently
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classify adrenal incidentaloma as NFAI (1). Both findings
emphasize the importance of understanding that the
hormonal activity of AI is a continuum, particularly in the
evaluation of the contribution of AI to cardiometabolic
risk (5).
In line with the continuous relationship between
the secretory activity of AI and its contribution to
cardiometabolic risk, we observed no difference in the
prevalence of observed comorbidities between the patients
with persistent NFAI and those that had progressed to
MACE at 10-year follow-up. However, our study was not
designed for conclusive observations on the prevalence
of comorbidities.
Notably, the follow-up duration seems to be an
important factor in characterizing the natural history
of growth rate in NFAI. Over a mean follow-up of 41.9
months, an increase of at least 10 mm was reported in
only 1.2% of NFAI (2). Only 0.9% of adenomas grew by at
least 10 mm when the mean follow-up was shorter than 24
months, compared with 2.9% of adrenal tumors followed
for at least 24 months (2). However, in a recent study,
11.7% of the patients had an increase ≥10 mm at 24 month
follow-up (21) that was similar to our cohort, where tumor
enlargement (≥10 mm) occurred in 8.9% of patients. Some
previous observations proposed that adenomas with a
baseline size of at least 25 mm were less likely to grow than
smaller adenomas (< 25 mm) suggesting that patients with
larger tumors were involved later in their course of natural
history (2); however, we did not observe such differences.
We observed a high incidence of concomitant CT
findings in this population, in 3 out of 26 patients from
the obese group the incidental findings were suspicious
for malignant disease. Based on the numerous data that
the majority of NFAI do not change in size and that do not
progress to adrenocortical carcinoma, 2016 ESE-ENSAT
European guidelines for AIs discourage repeated imaging
re-assessment (1) because of the substantial health
economic burden and increased radiation exposure from
potentially unnecessary repeated evaluations (2). The
clinical importance of concomitant CT findings during
long-term observational period, in particular in the
obese group, remains unclear and should be addressed in
future research.
The main limitation of our study is the limited sample
size. However, the sample size was comparable to another
single-center cohort study addressing the natural course
of AI of shorter, 5-year follow-up (12). Secondly, aging
of the cohort likely acts as an important confounder
affecting the development of numerous concomitant CT
findings and cardiometabolic comorbidities. Background
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general population as a control group would be needed
for more conclusive results on the prevalence of diabetes,
hypertension and osteoporosis, as well as additional CT
findings. However, the main outcome of our study is
defined as a long-term natural history of NFAI was not
affected by the lack of background population.
The main strength of our study is a length of 10.5year follow-up that was performed in a single tertiary
university center. Dedicated interdisciplinary team using
a standardized unique protocol performed baseline and
follow-up assessments. Furthermore, this is the first report
suggesting that baseline higher BMI might have an impact
on the progression from NFAI to MACE, which is in line
with the recent concept of the potential existence of the
bilateral relationship between obesity and AIs in preclinical
models (13).
Based on our results, we concluded that the duration
of follow-up period is an important factor in characterizing
the natural history of NFAI. In comparison with previous
reports of shorter duration, we mostly observed a higher
growth rate ≥10 mm and a higher progression rate from
NFAI to MACE, particularly demonstrated in overweight
and obese subjects. However, the magnitudes of observed
progressions in growth or hormonal activity were clinically
insignificant. Our long-term follow-up, therefore, clearly
supports the general view that monitoring patients with
NFAI is not necessary (1). In future studies, we suggest the
evaluation of the primary role of baseline BMI and IR in
the development of measurable hormonal activity in NFAI.
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