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Objective: Autonomous cortisol secretion (ACS) in the ad-
renal incidentaloma (AI) refers to an excess of low-grade au-
tonomous cortisol without the clinical symptoms of Cushing’s 
syndrome (CS), while ACS is shown to be related to the ac-
cumulation of visceral fat. To elucidate whether the accumu-
lation of fat in different compartments, such as total adipose 
tissue (TAT), peritoneal adipose tissue (PAT), retroperitoneal 
adipose tissue (RPAT), and subcutaneous adipose tissue 
(SAT) could predict metabolic problems in patients with ACS. 
Material and Methods: We conducted a retrospective co-
hort study, including 74 patients diagnosed with ACS and 8 
patients diagnosed with CS. 8 patients with ACS had also un-
dergone adrenalectomy. Baseline (initial admission) and fol-
low-up (most recent visit) data, including the clinical, 
laboratory, and radiological parameters, were evaluated. Re-
sults: Total adipose tissue (TAT), visceral adipose tissue 
(VAT), PAT, and RPAT increased significantly while the SAT 
remained stable in patients with ACS. Adrenalectomy in pa-
tients with CS resulted in a significant reduction of TAT, VAT, 
PAT, and RPAT while SAT was relatively preserved. However, 
no significant change was observed in surgically treated pa-
tients with ACS. The independent predictors of cardiovascu-
lar events, glucose intolerance, or elevated blood pressure 
were age, the level of cortisol post dexamethasone suppres-
sion test (DexF), and an increase in the RPAT. Conclusion: 
Visceral fat accumulation, particularly in the retroperitoneal 
area, slightly contributed to the development of metabolic 
problems in patients with ACS.  
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Amaç: Adrenal insidentalomalarda görülen otonom kortizol 
sekresyonu (OKS), visseral yağ akümülasyonuna neden ol-
makla birlikte, Cushing Sendromu (CS) klinik bulguları oluş-
turmadan, düşük dereceli otonom kortizol yüksekliğine yol 
açmaktadır. Çalışmamızda, total (TAT), peritoneal (PAT), ret-
roperitoneal (RPAT) ve subkutanöz (SAT) gibi değişik kom-
partımanlardaki yağ akümülasyonunun OKS olan 
hastalardaki metabolik problemleri öngörme gücünün de-
ğerlendirilmesi amaçlanmıştır. Gereç ve Yöntemler: Çalış-
mamız, OKS tanılı 74 hasta ve CS tanılı 8 hastanın dâhil 
edildiği retrospektif kohort çalışmasıdır. OKS tanısı olan 8 
hastaya adrenalektomi cerrahisi uygulanmıştır. İlk değerlen-
dirme ve takip değerlendirmesine (en son gerçekleştirilen 
değerlendirme) ait klinik, laboratuvar ve radyolojik para-
metreler değerlendirilmiştir. Bulgular: OKS olan hastalarda 
total adipoz doku (TAT), visseral adipoz doku (VAT), PAT ve 
RPAT anlamlı şekilde artış gösterirken, SAT stabil kalmakta-
dır. CS hastalarda uygulanan adrenalektomi, anlamlı düzeyde 
TAT, VAT, PAT ve RPAT azalışına sebep olmakta iken, SAT rö-
latif olarak korunmuştur. Bununla birlitke, cerrahi olarak te-
davi edilen OKS hastalarında anlamlı değişiklik izlenmemiştir. 
Yaş, deksametazon supresyon testi sonrası kortizol düzeyleri 
(DexF) ve RPAT daki artış, kardiyovaskuler olay, glukoz into-
leransı ve yüksek tansiyon için bağımsız prediktörler olarak 
saptanmıştır. Sonuç: Özellikle retroperitoneal alandaki vise-
ral yağ akümülasyonu, OKS’li hastalarda metabolik prob-
lemlerin gelişmesine az da olsa katkıda bulunmaktadır.   
 
Anahtar kelimeler: Otonom kortizol sekresyonu;  

                 multidedektör bilgisayarlı tomografi;  
                 visseral yağ; subkutanöz yağ;  
                 abdominal yağ dokusu;  
                 retroperitoneal yağ dokusu  
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Introduction 
The visceral adiposity and ectopic fat accu-
mulation pose a cardiometabolic risk. Vis-
ceral adipose tissue (VAT), measured by 
computed tomography (CT) or magnetic 
resonance imaging (MRI), is an independent 
marker for metabolic and cardiovascular 
morbidity and mortality (1-3). Visceral adi-
pose tissue has distinctive properties not 
shared by subcutaneous adipose tissue 
(SAT), such as exacerbating hyperinsuline-
mia, increased hepatic production of triglyc-
eride-rich lipoproteins and glucose, as well 
as increased production of inflammatory cy-
tokines. In physiological conditions, subcu-
taneous adipose tissue serves as a 
metabolic pool for excess triglycerides. Sev-
eral observations have shown that the accu-
mulation of VAT occurs when the 
expandability and plasticity of SAT fail (3).  
Endogenous hypercortisolism results in re-
distribution of fat tissue that leads to central 
obesity and metabolic complications such as 
glucose intolerance, elevated blood pres-
sure, and future myocardial infarction. Ex-
posure to chronic glucocorticoid is 
associated with the expansion of adipose tis-
sue and a positive balance of lipid storage, 
suggesting an increase in the total body li-
pogenesis despite the increased lipolysis 
(4). The effects of cortisol on VAT result in 
different features. The mRNA expression of 
the glucocorticoid receptor is higher in 
omental fat than in the SAT; thus, glucocor-
ticoids induce insulin resistance in human 
omental fat tissue but not in subcutaneous 
adipocytes (5-7). Glucocorticoid induces 
lipolysis that is prominent in SAT, while the 
overexpression of lipoprotein lipase induces 
increased uptake of triglyceride by the ab-
dominal adipocytes, resulting in increased 
deposition of omental fat (4).  
Autonomous cortisol secretion (ACS) in the 
adrenal incidentaloma (AI) refers to an ex-
cess of low-grade autonomous cortisol with-
out showing any clinical symptoms of 
Cushing’s syndrome (CS) (8). Previous stud-
ies have clearly demonstrated that patients 
with ACS have an increased rate of meta-
bolic comorbidities and cardiovascular mor-
tality compared to their non-functioning 
counterparts (9,10).  
One retrospective cohort study by our group 
(11) along with one cross-sectional study 

(12) demonstrated significantly increased 
VAT at the time of admission and follow-up 
of patients with ACS. In this study, we hy-
pothesized that the change of fat mass in 
different compartments of adipose tissue 
might contribute to the increased prevalence 
of metabolic and cardiovascular comorbidi-
ties in patients with ACS at the time of fol-
low-up. For this purpose, we evaluated the 
AI patients with ACS, assessed their long-
term comorbidities, and analyzed whether 
the alterations in different fat compartment 
areas had any impact on the development 
of metabolic and cardiovascular deteriora-
tions.  

Material and Methods 

Data Collection 
This retrospective study was approved by 
the ethics committee of Dokuz Eylül Univer-
sity Hospital (Dokuz Eylul Universitesi 
Girisimsel Olmayan Arastirmalar Etik Kurulu, 
file no: 2017/19-13, dated 27.07.2017) and 
was conducted as per the Helsinki Declara-
tion Principles. The need for informed con-
sent was waived by the ethics committee. 
We used the data of 74 patients diagnosed 
with ACS and 8 patients diagnosed with CS. 
We used data of all eligible patients who at-
tended the routine follow-up between Janu-
ary 2017 and January 2019. We also 
recruited 8 patients having ACTH-indepen-
dent overt hypercortisolism (CS) with fol-
low-up scans performed due to unrelated 
conditions. The exclusion criteria were as 
follows: suppressed levels of DexF during 
admission and follow-up, non-adenoma ap-
pearance on computed tomography (CT), 
primary hyperaldosteronism, pheochromo-
cytoma, adrenalectomy without prior follow-
up, active malignancy, and lack of baseline 
and/or follow-up evaluation.  

Hormonal Assessment of Participants 
The hormonal evaluation of the participants 
included the measurement of corticotrophin 
(ACTH) and dehydroepiandrosteanadione 
(DHEAS), overnight 1 mg dexamethasone 
suppression test (DST), urinary 
metanephrine, normetanephrine, and 
plasma aldosterone to plasma renin activity 
ratio. Autonomous cortisol production (ACS) 
was defined in  the thresholds of post-DST 
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cortisol which was recommended by the 
ESE-ENSAT guidelines (8). 

Routine Follow-up Protocol 
We suggest an annual follow-up to all the AI 
patients for the first three years, and then 
the duration may depend on the individual. 
At each follow-up visit, the physical exami-
nation, imaging, hormonal evaluation, rou-
tine laboratory tests with investigations on 
metabolic comorbidities are carried out.  

Measurements and Routine Laboratory  
Investigations  
The Adrenal incidentaloma (AI) patients un-
derwent clinical evaluation at each visit, 
where concomitant type 2 diabetes mellitus, 
arterial hypertension, and cardiovascular 
events were tested. Clinical symptoms and 
signs of hypercortisolemia, along with 
weight, height, waist circumference, and 
blood pressure (Erka, Bad Tölz, Germany), 
were noted. A systolic blood pressure of 140 
mmHg or higher and a diastolic blood pres-
sure of 90 mmHg or higher was used to di-
agnose hypertension. Also, the diabetes 
mellitus was diagnosed according to the cri-
teria of the American Diabetes Association 
(ADA) at the time of assessment. The cur-
rent smokers were defined as individuals 
who were currently smoking any type of to-
bacco, whereas former smokers were peo-
ple who had ceased smoking at least six 
months before the assessment, and non-
smokers were patients who had never 
smoked. 

Measurement of the Fat Compartment Areas 
One investigator who was blinded to the bio-
chemical data measured the fat compart-
ment areas during the routine follow-up CT 
scans. Until 2008, CT imaging in our insti-
tute was performed through an Mx8000 
Quad scanner (Philips Medical Systems), 
which was subsequently replaced by a 
Philips Brilliance 64 scanner (Philips Medical 
Systems). An axial view was used with the 
subject lying in the supine position. The fat 
compartments were measured on Philips Ex-
tended Brilliance Workspace (software ver-
sion V3.5.0.22.54) using QCT (quantitative 
computed tomography) software. A single 
slice was evaluated at the level of L1/2 disk 
space, which was identified for fat measure-

ments because the VAT at the T12-L1 and 
L1-L2 landmarks had much stronger associ-
ations with metabolic syndrome than those 
at the other sites. The fat area measure-
ment method was described in our previous 
study (11). Additionally, we further divided 
the visceral fat into peritoneal and retroperi-
toneal areas along the boundary, which was 
comprised of the posterior surface of small 
bowels, the anterior wall of the aorta, medial 
border of the spleen, posteromedial border 
of liver, anterior border of the vertebral col-
umn, and inner-most wall muscles of the 
posterior abdomen. The interfascial planes, 
anterior perirenal fascia (Gerota fascia), and 
posterior perirenal fascia (Zuckerkandl fas-
cia) were visible in most of the participants, 
which was also used to outline the boundary 
(Figure 1). Peritoneal adipose tissue (PAT) 
was calculated by subtracting the retroperi-
toneal adipose tissue (RPAT) from visceral 
adipose tissue (VAT). Subcutaneous fat was 
defined as the adipose tissue area between 
the skin and the outermost abdominal mus-
cle wall. The SAT area was calculated by 
subtracting the VAT area from the TAT area. 
The ratio of VAT to SAT area (V:S) and VAT 
to TAT (V: T) area were also calculated to 
eliminate the possible bias, which was sec-
ondary to the differences found in individual 
body size. 

Statistical Analysis 
Statistical analyses were performed using 
SPSS version 20.0 (SPSS Inc, Illinois, USA). 
The distribution of variables was assessed 
using The Kolmogorov Smirnov test. Vari-
ables with asymmetric distribution were pre-
sented as median values and (min-max) 
values. For continuous variables with asym-
metric distribution, differences between the 
groups were analyzed using the Mann-Whit-
ney U test or the Independent samples T-
test. Changes in the measurements of the 
fat area between the baseline and follow-up 
were analyzed using the Wilcoxon signed-
rank test for repeated measurements. Lo-
gistic regression analysis models were used 
to investigate the impact of the fat com-
partment-specific changes on the develop-
ment of metabolic comorbidities. Two-tailed 
tests were conducted, and the results of all 
statistical analyses were considered signifi-
cant if P<0.05. 
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Results 

Baseline Characteristics of Patients 
The baseline demographic and endocrine 
data of patients with ACS (n=74) is de-
scribed in Table 1. Additionally, 8 patients 
with CS were also recruited. Out of the 74 
patients with ACS, 8 patients underwent 
adrenalectomy because of the tumor size 
and CT appearance (n=3) or worsening of 
the metabolic profile during follow-up (n=5). 

Changes in the Measurement of the Fat Area 
During Follow-up  
Fat area measurements during follow-up are 
described in Table 2. The total adipose tis-
sue, VAT, PAT, and RPAT showed a significant 
increase while the SAT remained stable in 
patients with ACS. Adrenalectomy in CS pa-
tients resulted in a significant reduction of 
TAT, VAT, PAT, and RPAT while SAT was rela-
tively preserved. However, no significant 
change was observed in surgically treated 
patients with ACS.   

Association Between Fat Accumulation and 
Metabolic Comorbidities  
Fat compartment-specific changes and their 
impact on the development of metabolic co-
morbidities were investigated in patients 
with ACS (Table 3). We conducted several 
logistic regression analysis models for this 
purpose, where all the models included in-
dependent variables such as age, gender, 
follow-up DexF, and fat mass change in dif-
ferent compartments (deltaRP, deltaP, and 
deltaSC separately in each model) for the 
development or deterioration of metabolic 
comorbidities (AHT, DM, CVD).  
Age was the sole independent variable that 
predicted Cardiovascular disease (CVD) with 
an odds ratio (OR) of 1.18, 1.32, and 1.44 
(p<0.05 in all models). The contribution of 
the DexF, gender, or fat mass change in dif-
ferent compartments was not significant. 
Delta RP was the only significant independ-
ent predictor of glucose tolerance deteriora-
tion, recording an OR of 1.02 (p=0.038). 
The assessment of factors that predicted the 
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Figure 1. Adipose tissue compartments are highlighted in blue color. (a) The highlighted areas of adipose tissue were 
measured to calculate TAT, (b) Blue colored areas show the measurement of the SAT, (c) and (d) highlight PAT and RPAT, 
respectively.  
TAT: Total adipose tissue; SAT: Subcutaneous adipose tissue; PAT: Peritoneal adipose tissue; RPAT: Retroperitoneal adipose tissue.



worsening of blood pressure control also re-
vealed the significant contribution of DexF, 
DeltaP, and Delta RP. Odds ratios for DexF 
were found to be 1.33, 1.37, and 1.49, 
whereas for Delta RP and delta P the OR was 
found to be 1.02 and 1.01, respectively 
(p<0.05 in all models). 

Discussion 
Our study shows that the metabolic comor-
bidities observed in patients with ACS are 
strongly related to DexF and age but only 
slightly related to the accumulation of 
retroperitoneal fat mass. 
The abdominal cavity consists of 3 different 
adipose tissues, namely omental, mesen-
teric, and retroperitoneal, and the term vis-
ceral fat applies to the sum of these 
compartments. The visceral fat accumula-
tion predicts metabolic and cardiovascular 
risks, along with mortality (13-15). Cen-
tripetal obesity is a frequent feature of hy-
percortisolism, where glucocorticoids induce 
key adipogenic transcription factors (16) 
and regulate 20% of the expressed genes in 
adipose tissues (17). Visceral adipose tissue 
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ACS 

Total number 74 

Female, n 61 

Age 53.5 (9.8) 

Menopause,% 54.1 

BMI, kg/m2 29.9 (5.6) 

Bilateral adenoma, % 35.1 

Adenoma size, mm 30 (12-65) 

Dex F, µg/dLa,b 2.8 (1.3-21.7) 

ACTH, pg/mL 7.6 (1.8-36.7) 

Adrenalectomy, n 8 

Diabetes Mellitus, % 20.3 

IFG+IGT, % 14.9 

Arterial Hypertension, % 45.9 

CVD, % 2.8 

Table 1. Baseline characteristics of participants.

aTwo patients with ACS had marginal baseline Dex F values. Pa-
tient #1 with a baseline Dex F of 21.7 µg/dL has been on rou-
tine follow-up for nine years without having Cushing’s 
syndrome stigmata. Patient #2 with a baseline Dex F of 14 
µg/dL underwent adrenalectomy due to metabolic comorbidi-
ties. bSeven patients had discordant baseline and follow-up Dex 
F.  
Dex F: Post dexamethasone cortisol; ACTH: Corticotropin; IFG: 
Impaired fasting glucose; IGT: Impaired glucose tolerance; 
CVD: Cardiovascular disease.
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is a key target for glucocorticoid effects. It 
allows the binding of glucocorticoid and 
mRNA expression of the glucocorticoid re-
ceptor, which is more prominent (5). The in-
duction of insulin resistance by 
glucocorticoids is observed in the VAT but 
not in the SAT (18). 
Two previous studies have also shown the 
accumulation of visceral fat in patients with 
ACS. Additionally, a cross-sectional study 
has demonstrated significantly increased 
VAT in patients with ACS (12). Another 
study from our group showed that a non-
suppressed DexF at both baseline and fol-
low-up of ~3 years was associated with a 
significant increase in the visceral fat (11). 
The novelty of the present study was that 
for the first time, we found that both peri-
toneal and retroperitoneal fat mass was 
found significantly increased in patients with 
ACS during follow-up, but in CS patients, it 
was found to be significantly decreased after 
adrenalectomy. Interestingly, among fat 
compartment parameters, only retroperi-
toneal fat accumulation was an independent 
predictor of metabolic problems in patients 
with ACS, which could be linked to diverse 
features of visceral fat compartments. The 
venous drainage and adipocytokine secre-
tion pattern of retroperitoneal fat were 
shown to be different from that of the omen-
tal and mesenteric fat (19,20). 
We also showed that age and DexF levels 
were other independent predictors of meta-
bolic problems in patients with ACS. This ob-
servation is parallel to the current 
knowledge as well. The magnitude of the 
autonomous cortisol production in an AI can 
be extrapolated by interpreting DexF values. 

Both DexF and the presence of ACS is linked 
to unfavorable metabolic profiles and in-
creased cardiovascular risk (21,22). 

Conclusion 
In conclusion, the unfavorable metabolic 
outcomes observed in the patients with ACS 
are strongly related to the magnitude of hy-
percortisolism and age, along with the en-
countered visceral fat compartment.   
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DM: Diabetes mellitus; AHT: Arterial hypertension; CV: Cardiovascular.

ACS (follow-up) ACS (adrenalectomy) CS (adrenalectomy) 

Number of Patients, n 66 8 8 

Follow-up duration, m 35 (12-156) 24 (12-60) 31 (9-132) 

New-onset or poor DM,% 15.2 - - 

Improved DM control,% - 42.9 100 

New-onset or poor AHT,% 17.5 - - 

Improved AHT control,% - 14.3 100 

New CV event 7.8 - - 

Table 3. Metabolic and cardiovascular complications during the follow-up visit.
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