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ABSTRACT
Objectives: We aimed to evaluate the potential association of a nonfunctional adrenal incidentaloma (NFAI)
with cardiovascular risk factors. 
Methods: Forty-three patients over the age of 40 found to have NFAI and 28 healthy controls were included
in this prospective study. The control group was selected from individuals who were similar in age and gender.
Glucose, insulin, c-peptide, lipid profile, erythrocyte sedimentation rate, high sensitivity c-reactive protein,
fibrinogen and 25-hydroxy cholecalciferol and carotid artery intima-media thickness (CIMT) were measured
in both groups. 
Results: Waist circumference, erythrocyte sedimentation rate, triglyceride and CIMT values were found higher
in the patient group (p = 0.002, p < 0.001, p = 0.001, p = 0.024, respectively). It was observed that 10 (23.2%)
of the patients had no suppression with 1 mg dexamethasone but suppression was provided with 2 mg
dexamethasone for 2 days, and all of these patients with ‘possible autonomous cortisol secretion’ had at least
one comorbidity. While there was no significant difference between the groups in terms of the presence of
comorbidity, a significant difference was found in terms of diabetes mellitus (90% of the patients with
autonomous cortisol secretion, 24.2% of those who were suppressed with 1 mg dexamethasone had diabetes
mellitus; p < 0.001; Chi-square test). 
Conclusions: Higher waist circumference, erythrocyte sedimentation rate, triglyceride and CIMT values in
our patients with NFAI and increased diabetes mellitus frequency in patients with autonomous cortisol secretion
suggest that NFAI may be one of the cardiovascular risk factors. 
Keywords: Autonomous cortisol secretion, cardiovascular risk, carotid intima-media thickness, non-functional
adrenal incidentaloma
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The incidence of adrenal incidentalomas (AI) in-
creases day by day. The most important reason

for this is the development and use of high-tech diag-
nostic methods [1]. The basic approach in a patient in
whom an adrenal mass is detected by coincidence is
to differentiate benign/malignant mass and evaluate its

hormonal status. 
      The presence of AI is thought to be associated with
various cardiovascular disease (CVD) risk factors [2,
3]. Some studies have shown that the frequency of
obesity, hypertension (HT), glucose intolerance, dia-
betes mellitus (DM), hyperuricemia, and hyperlipi-
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demia (HPL) is increased in patients with AI [2, 4-8].
Although these pathologies are more common in sub-
clinical Cushing's syndrome, it has been noticed that
they are also common in non-functional adrenal
masses, and therefore it has been suggested that the
presence of AI may be the cause of the metabolic syn-
drome [2, 5, 6]. It is thought that the presence of in-
creased cardiovascular and metabolic risk factors may
be due to the increased cortisol production from these
masses, albeit slightly [9]. However, unluckily, this
moderate cortisol elevation cannot be demonstrated
with sufficient sensitivity and specificity [4, 10-12].
Therefore, it is still unclear whether non-functional ad-
renal masses increase risk of the CVD and whether
there is an autonomous cortisol function in this type
of adrenal masses. 
      study aimed to demonstrate increased cardiovas-
cular risk factors and endothelial dysfunction by
studying inflammation markers, lipid profile, homo-
cysteine, 25-hydroxy cholecalciferol (25-OH-D3) pa-
rameters that play a role in atherosclerosis in patients
with nonfunctional adrenal incidentaloma (NFAI) and
by measuring carotid artery intima-media thickness
(CIMT), which is an indicator of subclinical athero-
sclerosis and to evaluate whether the presence of NFAI
could have an impact on cardiovascular and metabolic
parameters. 

METHODS

      The study was conducted prospectively in Eskişe-
hir Osmangazi University Faculty of Medicine, De-
partment of Endocrinology and Metabolic Diseases.
Before the study, all patients were given an informed
consent form containing the study's details, and the pa-
tients whose consents were obtained were included in
the study. The study was approved with the decision
of Eskişehir Osmangazi University Ethics Committee
dated 27.01.2012 and numbered 14. 
      Forty-three patients over the age of 40 admitted
due to incidental detection of an adrenal mass during
imaging studies performed for different reasons were
included in our study. The control group consisted of
14 healthy controls similar in age and gender, with a
body mass index (BMI) between 19-25 and 14 obese
controls with a BMI of ≥30. Both control groups were

selected from individuals without adrenal mass and
metabolic syndrome components such as coronary ar-
tery disease (CAD), DM, HT, and HPL. 
      Patients who were found to have incidentaloma
were questioned about diseases such as DM, HT, HPL,
CAD, and medication use history. General physical
examinations and examinations regarding hypercorti-
solism's phenotypic features were performed, and sys-
tolic and diastolic blood pressures were measured.
Height, weight, and waist circumference of all patients
were recorded, and BMI was calculated using the for-
mula weight/height² (kg/m²). 
      After 10 hours of fasting, the patients' morning
glucose and insulin levels were measured, and insulin
resistance was calculated using the Homeostasis
Model Assessment (HOMA) formula. ESR, high sen-
sitivity c-reactive protein (hsCRP), and fibrinogen lev-
els as markers of inflammation and c-peptide and lipid
profile [low-density lipoprotein cholesterol (LDL),
high-density lipoprotein cholesterol (HDL), triglyc-
eride (TG)] as metabolic parameters were studied
from blood samples taken during fasting. Serum sam-
ples were obtained after fasting for homocysteine
measurement. 
      The patients were divided into two groups accord-
ing to the 25-OH-D3 vitamin level (20 was taken as a
cut-off) and CVD risk factors were compared between
these two groups. Correlation analysis of 25-OH-D3
deficiency with other risk factors for CVD was also
performed. 
      To determine the hormone activity of the adrenal
mass detected before the study, adrenocorticotropic
hormone (ACTH) and morning cortisol from the blood
sample taken at 08:30 in the morning at the latest were
measured. Night cortisol was taken at 23:00 to comply
with diurnal rhythm. Urine-free cortisol was studied
in the 24-hour urine sample. An overnight 1 mg dex-
amethasone suppression test (DST) was applied to the
patients, and cortisol was studied at 08:30 in the morn-
ing at the latest from the patient who was given 1 mg
DXM at 23:00. Patients who were not suppressed with
1 mg DXM were tested with a 2-day low dose. Sup-
pression was considered sufficient if morning cortisol
levels were less than 1.8 µ/dL. However post-dexam-
ethasone serum cortisol levels between 1.9-5.0 µg/dL
should be evaluated as evidence of ‘possible au-
tonomous cortisol secretion (ACS)’ and post dexam-
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ethasone cortisol levels 5.0 µg/dL should be consid-
ered as evidence of ‘ACS’ [13]. The values of Vanil-
lylmandelic acid (VMA),
metanephrine-normetanephrine, adrenaline-noradren-
aline, serotonin, and dopamine were studied in 24-
hour urine collected in storage containing 25%
hydrochloric acid after a special diet devoid of pheno-
lic acid-containing foods and beverages for five days.
Biochemically proven non-functional patients were in-
cluded in the study. 
      Adenoma and non-adenoma differentiation were
made with dynamic adrenal computed tomography
(CT) of adrenal masses detected in various imaging
methods performed in our patients for different rea-
sons. The size, localization, density, smoothness of the
borders and the presence of invasion were determined,
so only those considered adenomas radiologically
were included in the study. 
      CIMT measurement was performed with the help
of carotid doppler ultrasonography (USG) and was
measured by the same person using the Toshiba
Doppler USG device.  Ideally, measurements were
taken from the common carotid artery, approximately
1 cm before the carotid separation, at the artery's thick-
est part. 
      Glucose, insulin, C-peptide, erythrocyte sedimen-
tation rate (ESR), high sensitivity c-reactive protein
(hsCRP), fibrinogen, homocysteine, lipid profile, and
25-OH-D3 vitamin levels of the control group were
also studied, and insulin resistance was calculated.
Height, weight, and waist circumference were
recorded, BMI was calculated. CIMT measurement
was made. 

Statistical Analysis 
      The compatibility of the parameters to normal dis-
tribution was examined using the Shapiro Wilk test.
Continuous parameters were expressed with median
(minimum: maximum) and mean±standard deviation
values, and categorical variables with n (%). Inde-
pendent sample t-test or Mann Whitney U test was
used to compare two groups according to the normal-
ity test results. When the number of groups was more
than two, the ANOVA test was used for comparisons
and Tukey HSD test for the subgroup analysis, or
Kruskal Wallis test was used and Dunn-Bonferroni ap-
proach for subgroup analysis. Chi-square test, Fisher's

Exact test, or Fisher-Freeman-Halton test were per-
formed for intergroup comparisons of categorical pa-
rameters. Relationships between continuous
parameters were analyzed using correlation analysis,
and the Pearson correlation coefficient or Spearman
correlation coefficient was calculated according to the
result of the normality test. Multiple linear regression
analysis was performed to estimate CIMT. SPSS (IBM
Corp. Released 2012. IBM SPSS Statistics for Win-
dows, Version 21.0. Armonk, NY: IBM Corp.) pro-
gram was used for statistical analysis and a p-value of
p < 0.05 was considered statistically significant.

RESULTS

      A total of forty-three patients, thirty (69.77%) fe-
males and thirteen (30.23%) males over the age of 40
were included in our study (Table 1). It was observed
that the mean age was 53 years (40-67 years) in the
patient group and 49 years (44-69 years) in the control
group (p > 0.05, Mann Whitney U test). 
      When the patient and the control group were com-
pared a statistically significant difference was found
between the patient and the control group in terms of
waist circumference, ESR, TG and CIMT measure-
ments. Waist circumference, ESR, TG and CIMT val-
ues were higher in the patient group compared to the
control group (p = 0.002, p < 0.001, p = 0.001, p =
0.024, respectively). BMI, glucose, insülin, HOMA,
hsCRP, fibrinogen, homocysteine and LDL levels
were higher but statistically not significant in the pa-
tients than the control group. 
      Then the control group was divided according to
BMI levels as normal BMI and obese groups. The pa-
tients’ median ESR values were found to be signifi-
cantly higher than the control group with normal BMI
(p < 0.001). The patients’ median TG values were
found to be higher than both the normal weight and
obese groups (p = 0.004). While there was a signifi-
cant difference between the patient and the control
groups in terms of CIMT, no difference was found
when the three groups were compared. 
      Ten (23.2%) of the patients had no suppression
with 1 mg dexamethasone (DXM) but suppression
was provided with 2 mg DXM for 2 days, and all of
these patients with ‘possible ACS’ had at least one co-
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morbidity (DM, HT, HPL, CVD). Of the 33 patients
suppressed with 1 mg of DXM, 72.3% had comorbid-
ity. While there was no significant difference between
the groups in terms of the presence of comorbidity, a
significant difference was found in terms of DM when
comorbidities were examined one by one (90% of the
patients with ACS had DM, 24.2% of those who were
suppressed with 1 mg DXM had DM; p < 0.001; Chi-
square test). 
      Then these ten patients with ACS were removed
and adrenal incidentaloma patients with suppressible

cortisol secretion with 1 mg DXM were compared
with control groups (Table-2). The patient group had
more DM, HT, HPL, and macrovascular diseases than
the control group (p = 0.005, p < 0.001, p = 0.01 and
p = 0.017, respectively). In the group of patients,
CIMT was also significantly higher (p < 0.05). 
      In the patient group, no significant relationship
was found between right and left CIMT values and
ACTH, morning and night cortisol, cortisol after
DXM suppression, urinary cortisol, and adenoma size
(p > 0.05). In the multiple linear regression analysis,
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it was found that the only variable that showed a pos-
itive correlation with CIMT independently was age.

DISCUSSION

      Adrenal masses that are clinically asymptomatic
and detected incidentally in diagnostic tests for unre-
lated diseases are called AI [14-16]. Developments in
imaging methods have resulted in an increasing num-
ber of detections of AI [15]. Because of the increasing

incidence of AI with age [17], it is crucial to determine
whether AI is among the risk factors in this group, in
whom the risk of CVD increases. 
      AI is mostly considered as benign, asymptomatic
lesions. However, recent studies have shown that ab-
normalities in the ACS and hypothalamic-pituitary-
adrenal axis are more common than thought. The
prevalence of ACS, which is the most common hor-
monal change in AI, varies due to differences in diag-
nostic tests and different cut-offs in studies [18].
Bulow et al. [19] reported a prevalence of 2%, Libe et
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al. [20] 18%, and Terzolo et al. [21] 5-20% (review of
different series) [22, 23].  The possible ACS diagnosis
was based on a 1 mg DXM in our study, and the rate
was found to be 23.2%. 
      ESR is a nonspecific inflammation marker and is
one of the known risk factors for CVD. In our study,
the ESR value was higher in patients than in the con-
trol group (p < 0.001). However, there was no differ-
ence between the patients and the obese group and
between the normal weight and obese groups. In a
study conducted by López-Bermejo et al. [24], it was
found that ESR is independently associated with obe-
sity. Although obesity is associated with increased
ESR, the lack of difference between obese and normal
control groups in our study suggests the presence of
subclinical inflammation in patients with AI. 
      It was reported that increased CIMT is an indicator
of atherosclerosis and correlates with myocardial in-
farction, stroke, and peripheral artery diseases [25-28].
The first finding encountered in atherosclerosis is an
increase in intima-media thickness [25, 29]. Similar to
various previous studies [30-32] in our study, CIMT
was statistically higher in patients with AI than in the
control group. 
      Type2 DM is comorbidity associated with ACS,
and it was present in 90% of our patients with ACS.
Patients with ACS have a higher prevalence of Type 2
DM estimated in the range of 20-75%, depending on
the diagnostic criteria used [22]. Also, ACS prevalence
varies between 0-9.4% in type 2 DM [33-35], and the
risk increases in those with poor metabolic control,
microvascular complications, obesity, and HT [36].
Therefore, it is unclear whether AI increases the risk
of metabolic syndrome or whether this type of adrenal
tumor is more common in people with cardiometa-
bolic risk factors such as type 2 DM. 
      In our study, the patient group with NFAI had
more DM, HT, HPL, and macrovascular diseases than
the control group. The presence of increased cardio-
vascular and metabolic risk factors is thought to be due
to slightly increased cortisol production from these
masses [9]. Unfortunately, due to a lack of sensitivity
and specificity, this mild cortisol elevation cannot be
demonstrated [9-12]. 

Limitations 
      Our main limitation is that we do not have a group
that has AI but no DM, HT, CAD, PAD. Although the

rate of other diseases other than HT is low and patients
with concomitant diseases under control were se-
lected, this situation may appear like a confounding
factor. However, the fact that our study was conducted
prospectively is a significant advantage as well as
being its limitation. 

CONCLUSION

      In this study, we aimed to evaluate the relationship
between cardiovascular diseases, one of the most im-
portant causes of death today, and AI. Increased ESR
and increased CIMT were significant risk factors for
atherosclerosis as well as traditional risk factors, and
DM was more common in the ACS group. It was
thought that subclinical inflammation and insidious
cortisol autonomy, which is thought to have metabolic
effects, may cause this situation. 
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